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GENETIC VARIATION AND POPULATION STRUCTURE OF THE
ENDANGERED SNAIL KITE IN SOUTH FLORIDA

James A. Rodgers, Jr.
Florida Game and Fresh Water Fish Commission,

4005 South Main Street, Gainesville, FL 32601 U.S.A.

Peter W. Stangel
Savannah River Ecology Laboratory, Drawer E, Aiken, SC 29802 U.S.A}

Abstract.—Ten enzymatic stains were used to resolve the products of 12 loci for 150 snail kite {Ros-

trhamus sociabilis) nestlings from four major wetlands in south Florida, Nine loci were monomorphic
across all sites; two loci were only slightly polymorphic, with overall allele frequencies <0.05. Average

expected heterozygosity among all individuals was 4.6% (range = 0-25%). Average heterozygosity across

the four sites ranged from 4.1-5.2%. Mean percent polymorphic loci (0.99 level) was 18.2% (range =

8.3—25%). Overall Fsx was 3.4%, which was significantly different from 0;F,s and Fit values suggested a

slight heterozygote deficiency. The largest genetic distance was consistendy between Lake Okeechobee

and the other sites; the shortest genetic distances were between Lake Kissimmee and Conservation Area

2B and between Conservation Area 2B and Conservation Area 3A. Gene flow was estimated at 7.1

migrants per generation. Short genetic distances among the four wetlands in south Florida suggest little

differentiation among these populations of snail kites.

Key Words: snail kite, Rostrhamus sociabilis; Florida-, electrophoresis-, population genetics.

Variacion genetica y estructura poblacional de Rostrhamus sociabilis en peligro, en el sur de Florida

Resumen.—Diez colorantes enzimaticos fueron usados para analizar los productos de 12 loci para 150

polluelos de la especie Rostrhamus sociabilis, de los cuatro mayores humedales en el sur de Florida. Nueve

loci fueron monomorficos a traves de todos los sitios; dos loci fueron ligeramente polimorficos, con

una frecuencia alelica total <0.05. El promedio esperado de heterozigocidad entre todos los individuos

fue 4.6% (rango = 0-25%). El promedio de heterozigocidad a traves de los cuatro sitios tuvo rangos

entre 4. 1-5.2%. La media porcentual de loci polimorficos (nivel 0.99) fue 18.2% (rango = 8.3-25%).

Fst total fue 3.4%, significativamente diferente de 0; los valores de Fi^ y Fit sugieren un suave deficiencia

heterozigotica. Consistentemente, la mayor distancia genetica fue entre el Lago Okeechobee y los demas

sitios; las menores distancias geneticas se registraron entre el Lago Kissimmee y el Area de Conservacion

2B y entre el Area de Conservacion 2B y el Area de Conservacion 3A. El flujo genetico fue estimado

en 7.1 migrantes por generacion. Las pequenas distancias geneticas entre los cuatro humedales del sur

de Florida sugieren poca diferenciacion entre las poblaciones de R. sociabilis.

[Traduccion de Ivan Lazo]

* Current address: National Fish and Wildlife Founda-

tion, 1120 Connecticut Avenue, NW, Suite 900, Washing-

ton, DC 20036 U.S.A.

The snail kite {Rostrhamus sociabilis) occurs wide-

ly in tropical Central and South America, Cuba
and Florida (Sykes et al. 1995). R. s. plumbeus is

restricted to Cuba and southern Florida. Move-

ment between Florida and Cuba is doubtful given
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the lack of foraging habitat in extreme south Flor-

ida (e.g., Florida Bay and Keys), the short-distance

nomadic dispersal shown in Florida and the rela-

tively large expanse of open water separating Flor-

ida and Cuba. The original breeding range in Flor-

ida primarily consisted of the headwaters of the St.

Johns River northward to the Oklawaha drainage,

the Kissimmee River basin (including Lake Kissim-

mee), southward through Lake Okeechobee, the

Everglades and freshwater marshes near Florida

Bay (Sykes 1984). However, by the late 1960s Sykes

(1984) found kites mosdy at Lake Okeechobee,

Conservation Area 1 (Loxahatchee NWR), Conser-

vation Area 2A, Conservation Area 2B (CA2B) and

the southern portion of Conservation Area 3A
(CA3A). These conservation areas are large im-

pounded remnants of the Everglades habitat that

once extended from Lake Okeechobee to the

northern edge of Everglades National Park. The
range of snail kites became further reduced to the

marshes on the west side of Lake Okeechobee and
the southern region of CA2B and CA3A during the

1970s (Sykes 1984). The range decline in Florida

along with the large-scale decrease in numbers of

kites resulted in the species being listed as endan-

gered on the initial federal endangered species list

in 1967 (Fed. Reg. 42[155];40685-40688). It was

similarly listed as endangered on the initial state of

Florida list in 1972.

Considerable inter-year variation has occurred in

the numbers of snail kites found at individual wet-

lands in Florida during the 1970s and 1980s (Beis-

singer and Takekawa 1983, Rodgers et al. 1988,

Takekawa and Beissinger 1989, Bennetts et al.

1994). These fluctuations often were associated

with low water levels and droughts that force the

birds to disperse to other wetlands. Based on nest

monitoring and sightings of color-banded birds,

kites dispersed from the southern parts of their

range and recolonized their former nesting range

at Lake Kissimmee, Lake Tohopekaliga, East Lake

Tohopekaliga, the upper St. Johns River marshes

in Indian River County and several smaller wet-

lands in Hendry and Okeechobee counties during

a particularly severe drought in the late 1980s (Sy-

kes et al. 1995). Apparently, lack of suitable forag-

ing habitat and decreased availability of apple

snails {Pomacea paludosa)

,

precludes recolonization

farther north.

Because of these recent fluctuations both in the

size and range of this relict population within Flor-

ida, the snail kite warrants a genetics study to de-

termine if it has experienced loss of genetic vari-

ability due to population bottlenecks. The objec-

tives of our study were therefore to (1) document
the level of genetic variability in populations nest-

ing in four major wetlands in south Florida and

(2) estimate levels of genetic differentiation

among these populations. This information would

provide insight into the effects of dispersal on pop-

ulation genetics and allow management decisions

to be made regarding snail kite recovery in the

state of Florida.

Methods

Our study was conducted under the Florida Adminis-

trative Code, General Purpose Wildlife Code 39-9.002,

subsection 2, that permits Horida Game and Fresh Water
Fish Commission personnel and cooperating investiga-

tors to handle birds for specific purposes of approved
research. Feather tissues also were collected under the

authority of the Endangered Species Cooperative Agree-

ment between the U.S. Fish and Wildlife Service and the

Florida Game and Fresh Water Fish Commission. Our
field work followed the American Ornithologists’ Union
guidelines for scientists conducting research on wild

birds (Oring et al. 1988).

We collected tissue samples from snail kite nestlings in

the four major wetlands (Lake Kissimmee, Lake Okee-
chobee, CA2B, CASA) of the species’ range in south Flor-

ida during 1987 (Fig. 1). One growing, centrally-located

secondary feather from each wing was removed from one
nestling (3-4 wk of age) per nest. Feathers were frozen

in liquid nitrogen within 1 min after removal and sub-

sequently stored in an ultra-cold freezer (
— 76°C) until

electrophoresed. Laboratory (Stangel 1986) and field

(Stangel and Lennartz 1988) studies indicate that feather

removal is not detrimental to survival or growth of even

small birds.

Pulp was squeezed from the feather shafts and homog-
enized with 5 ml of 0.01 M Tris-0.001 M EDTA pH 7.0

buffer solution. Electrophoretic conditions and general

staining procedures followed those techniques of Selan-

der et al. (1971), Harris and Hopkinson (1976) and Bar-

man (1985). Loci were numbered according to the mo-
bility of their products from anode to cathode. Allozymes

were designated alphabetically in order of relative mo-
bility from anode to cathode, with the letter “C” chosen
to represent the most common allele.

The statistical package BlOSYS-1 (Swofford and Se-

lander 1981) was used for analysis of snail kite allelic fre-

quencies, genetic variability measures (Hardy-Weinberg

expected heterozygosity, mean number of alleles per lo-

cus, percent polymorphic loci) , deviations from expected

Hardy-Weinberg proportions, Nei’s (1978) and Rogers’

(1972) genetic distances and F-statistics (Nei 1977,

Wright 1978). Gene flow, or Nm (N = deme size and m
= migration rate among demes), was calculated using

Wright’s (1943) formula: F^x = l/(4Nm -I- 1).

Patterns of population structure can be revealed

through analysis of allele frequencies using Wright’s F-sta-

tistics (Wright 1978). The most commonly used statistic,

Fsx, is a measure of the extent that a species shows spatial
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Figure 1. Sources of tissue samples from snail kite nestlings at four wetlands in south Florida.

genetic heterogeneity. Fgy values range from 0, suggest-

ing lack of differentiation or panmixia, to 1, indicating

fixation of alternative alleles and complete differentia-

Uon. Fis and Fjj are measures of heterozygote deficiency

or excess within subpopulations (e.g., the four wetlands

in our study) and the total population, respectively, and
are commonly used as inbreeding indices. Both values

range from —1 to 1, with positive values indicating het-

erozygote deficiency, which may occur with inbreeding.

Precise interpretation of F-statistics requires detailed

knowledge about tbe breeding structure of the species

examined. Because this information is lacking in the snail

kite, inferences about population structure cannot be

made unambiguously.

Results

Ten enzymatic stains were used to resolve the prod-

ucts of 12 loci for 150 snail kite nestlings from the

four wedand sites. All individuals were scored for all

loci. Nine loci were monomorphic across all sites; two

loci were only slightiy polymorphic (Pgd and Tri)

and a single locus (Pep) exhibited three alleles, with

overall allele frequencies <0.05 (Appendix 1). There

was no convincing evidence for significant deviation

from Hardy-Weinberg proportions.

Average expected heterozygosity among all in-

dividuals was 4.6% and ranged from 0-25%; the

most heterozygous individual was therefore vari-

able at 3 of 12 loci. Fifty-two percent of all individ-

uals were monomorphic, 43% were heterozygous

at one locus, 4% were heterozygous at two loci and

one individual was heterozygous at three loci. Av-

erage heterozygosity across the four sites ranged

from 4.1-5.2% (Table 1). Percent polymorphic loci

(0.99 level) ranged from 8.3-25%, with a species

mean of 18.2%. Mean number of alleles per locus

ranged from 1. 1-1.3, with a mean of 1.2.
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Table 1. Genetic variability at 12 loci for snail kites from

four wetlands in south Florida. Standard errors are in

parentheses.

Per-

cent- Mean
age of Hetero-

Loci zygosity

Mean Poly- Hardy-

Number of mor- Weinberg

Alleles phic Expected

Per Locus (0.99) (xlOO)

Kissimmee 24 1.1 (0.1) 8.3 4.2 (4.2)

Okeechobee 24 1.3 (0.1) 25.0 5.2 (3.7)

Cons. Area 2B 26 1.2 (0.1) 16.7 4.2 (3.8)

Cons. Area 3A 76 1.1 (0.1) 8.3 4.1 (4.1)

The frequency of the common allele (“C”) at

the Pgd locus ranged from 0.438-0.667 (Appendix

1), which was significantly different from 0 among
sites (x^3 = 8.4, P = 0.037). Three private poly-

morphisms (alleles detected at only one site) were

identified; Pep “D” allele at GA3A; Pep “B” allele

at CA2B; and Tri “D” allele at CASA.

An overall of 3.4% was significantiy different

from 0 (x^i6 = 37.5, P < 0.005; Table 2). Fjs and

Fix values were on average positive, suggesting a

slight heterozygote deficiency. Mean Nei’s genetic

distance among sites was 0.002 (range = 0.000-

0.004). Mean Rogers’ genetic distance among sites

was 0.014 (range = 0.006-0.027). The largest ge-

netic distances using both methods were consis-

tently between Lake Okeechobee and the other

sites (Nei’s distance: 0.002-0.004; Rogers’ distance:

0.014—0.027) ,
whereas, the shortest genetic distanc-

es were between Lake Kissimmee and CA2B (Nei’s

distance; 0.000; Rogers’ distance: 0.006) and be-

tween CA2B and CA3A (Nei’s distance: 0.000; Rog-

ers’ distance; 0.008). Gene flow, or the estimated

number of migrants per generation, was 7.1.

Discussion

Heterozygosity in the snail kite (4.6%) was slight-

ly lower than the average of 6.5% (range = 0-

30.7%) for 86 species of birds reported by Evans

(1987). However, average percent polymorphic

loci (18.2) and alleles per locus (1.2) of kites were

within the range of those reported for other bird

species (Barrowclough et al. 1985, Evans 1987). Be-

cause we lack data for comparisons with popula-

tions outside of Florida and historical populations

of snail kites in the state, we do not know if the

Table 2. F-statistics for three polymorphic loci in snail

kites from south Florida.

Locus Fis Fit Fst

Phosophogluconate de-

hydrogenase (Pgd) 0.064 0.096 0.035

Peptidase phynylproline

(Pep) -0.046 -0.015 0.030

Tripeptide aminopepti-

dase (Tri) -0.041 -0.010 0.030

Mean 0.053 0.085 0.034

current level of heterozygosity in Florida is similar

for the species over its entire range, or differs be-

cause of founder effects when the species originally

colonized Florida and/or population bottlenecks

experienced during population decreases that oc-

curred in the 1960s.

Reported population fluctuations in the snail

kite (Beissinger and Takekawa 1983, Rodgers et al.

1988, Takekawa and Beissinger 1989, Bennetts et

al. 1994) might have affected heterozygosity, al-

though population bottlenecks would have to be

severe and last several generations to have a sig-

nificant effect (Nei et al. 1975). The presence of

three private polymorphisms suggests that these

conditions have not occurred and the historical re-

duction in the south Florida population does not

seem to have affected levels of genetic variation.

Heterozygosity in the snail kite varied from 4.1%

to 5.2% at the population level, which is within

typical values for birds (Evans 1987).

Genetic differentiation among snail kites in the

four wetlands we sampled was low, as it is for most

species of birds (Evans 1987). An Fgx of 0.034 in

the snail kite suggests that only about 3.4% of the

total genetic variation detected can be accounted

for by heterogeneity among sites, with the remain-

ing 96.6% accounted for within sites. Evans (1987)

reported an average of 4.8% of the variation occurs

among populations for 23 avian species he exam-

ined. Short genetic distances among the four wet-

lands in south Florida also suggest little differen-

tiation among these populations of snail kites.

Although habitat fragmentation tends to con-

tribute to smaller, more isolated populations, the

ability of birds to fly would be expected to increase

gene flow and contribute to lack of genetic differ-

entiation among even distant sites. Periodic popu-

lation shifts by snail kites from the Everglades con-

servation areas caused by changing hydrologic con-
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ditions likely increases gene flow among the south

Florida wetlands used as breeding sites. Periodic

low water levels that cause kites to disperse can re-

sult in low recruitment, increased adult mortality

and population decreases (Beissinger 1995). Kites

also exhibit extensive annual movements that seem

to have nothing to do with hydrologic conditions

(Bennetts and Kitchens 1992, 1993). The estimat-

ed 7. 1 migrants per generation calculated from F^x

using Wright’s (1943) formula further suggests

high levels of interchange among south Florida

demes. Ideally, the exchange of animals should be

pulsed and occur at times when inbreeding has be-

come great enough such that outbreeding will

yield optimum levels of heterosis (Chesser et al.

1980). Thus, even with the snail kite population

subdivided among south Florida wetlands, the sto-

chastic nature of drought events should contribute

to pulsed exchange of individuals that would be

able to maintain heterozygosity and a vigorous

population.

That the snail kites at Lake Okeechobee were

slightly more genetically distant than kites at the

other three wetlands is interesting, but the genetic

distances are very short and must be interpreted

cautiously. Kites were rarely observed and did not

breed at Lake Kissimmee during the 1960s and

1970s (Sykes 1984). Kites began to breed at Lake

Kissimmee during the early 1980s when drought

conditions forced them to abandon the Everglades

(e.g., CA2B and CA3A). The reason why kites from

the Everglades would pass Lake Okeechobee and

move farther north to Lake Kissimmee is unclear.

Perhaps a drawdown of the lake in 1979 for fish-

eries management restored suitable foraging con-

ditions that facilitated the recolonizing of Lake Kis-

simmee. However, until more is known about the

response of apple snails to another drawdown of

the lake during 1996, we are reluctant to speculate

further. Recolonization also may have been due to

the large number of kites that already occupied

Lake Okeechobee and concurrent low lake levels

during the early 1980s. Perhaps the breeding sub-

population at Lake Okeechobee is more stable

than those at the other three major wetlands.

Whereas lake levels, amount of flooded marsh and
number of kites vary among years (Rodgers 1992),

some littoral zone at Lake Okeechobee always is

available for foraging and nesting. If the other wet-

lands flood and dry out as the result of frequent,

extreme hydrological changes, there may be con-

siderable exchange of kites among these sites that

increases their genetic similarity relative to Lake

Okeechobee. Zink et al. (1987) also found more
similarity between farthest separated populations

of California Quail {Callipepla californica) than

nearest geographic neighbors.

The logical next step for genetic studies of the

snail kite would be to sample populations in Cuba
and South and Central America where the species

is common and widespread (Beissinger 1983, Beis-

singer et al. 1983). Comparisons with the south

Florida population would provide insight into ge-

netic differentiation and hence, gene flow between

these sites. It also would be interesting to compare

these areas to see if the south Florida population

exhibits reduced genetic variability relative to the

larger and potentially more stable and represen-

tative South American populations.

Conservation Implications

The results of this study provide benchmark
snail kite genetic variability measures against which

values obtained in the future can be compared. If

future population fluctuations reduce snail kite

numbers to very low levels, it would then be pos-

sible to determine if genetic variability had been

reduced relative to our values.

Translocation of individuals from larger popu-

lations is one strategy to increase small populations

but consideration must be given to the genetic

characteristics of both donor and recipient popu-

lations to lessen the chance of disrupting locally

adapted populations (Avise and Nelson 1989, Stan-

gel et al. 1992). Although translocation of kites has

not been considered to date, our data can serve as

a reference for managers considering translocation

of genetically similar snail kites to south Florida if

ever conditions warrant such a drastic recovery

strategy.

With the exception of the Lake Okeechobee
subpopulation, we found few distinctions among
the snail kite demes in south Florida. The Lake

Okeechobee subpopulation should receive further

study, particularly with regard to the movement of

successfully breeding kites into and out of this wet-

land relative to other wetlands. Kites have exhibit-

ed a tendency to concentrate their population in

CA3A during some years (Sykes 1984, Rodgers et

al. 1988, Bennetts et al. 1994, Sykes et al. 1995). A
large number of an endangered species at a single

site is a poor conservation strategy from a genetic

point of view. However, extensive annual move-

ments by kites often result in considerable inter-
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change of birds among wetlands in south Florida

(Bennetts and Kitchens 1992, 1993). The chal-

lenge will be to maintain a continued interchange

of individuals among these sites for a high degree

of genetic polymorphism while at the same time

minimizing the effects of inbreeding within each

wetland in south Florida.

The population and distribution fluctuations of

snail kites in south Florida are so dramatic that

demographic concerns probably outweigh imme-
diate genetic threats and these should receive

greatest attention in conservation plans. Appropri-

ate demographic and habitat management of the

snail kite will prevent the loss of genetic variability

due to population bottlenecks.
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Appendix 1. Allele frequencies and electrophoretic conditions for three polymorphic loci of snail kites from four

wedands in south Florida.^

Enzyme Locus

Enzyme

Commission
Wetland

Allele Number*^ Kissimmee Okeechobee Cons. Area 2B Cons. Area 3A

Phosphogluconic

dehydrogenase (Pgd)

C
1.1.1.43

0.604 0.438 0.654 0.667

D 0.396 0.563 0.346 0.333

Phenylalanyl-proline

peptidase (Pep)

B
3.4.13.9

0.000 0.000 0.019 0.000

C 1.000 1.000 0.981 0.947

D 0.000 0.000 0.000 0.053

Tripeptide

aminopeptidase*^ (Tri)

C
3.4.1.4

1.000 1.000 1.000 0.961

D 0.000 0.000 0.000 0.039

^The following 9 loci were monomorphic in all individuals assayed: malic dehydrogenase-1 and malic dehydrogenase-2 (1.1.1.37);

lactate dehydrogenase-1 (1.1.1.27); phosphogluco-isomerase (5.3.1.8); creatinine kinase-1 and creatinine kinase-2 (2.7.S.2); isocitrate

dehydrogenase-1 (1.1.1.42); phosphoglucomutase (5.4. 2.2); leucine aminopeptidase (3.4.11).

^ Enzyme commission number from Barman (1985).

Substrate for tripeptide aminopeptidase was leucylglycylglycine.
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USE OF DNA ANALYSIS TO IDENTIFY SEX OF NORTHERN
SPOTTED OWLS (STRIX OCCIDENTALIS CAURINA)

Tracy L. Fleming
National Council of the Paper Industry for Air and Stream Improvement,

23308 N.E. 148th Street, Brush Prairie, WA 98606 U.S.A.

Joy L. Halverson
Zoogen, 1756 Picasso Avenue, Davis, CA 95616 U.S.A.

Joseph B. Buchanan^
National Council of the Paper Industry for Air and Stream Improvement,

720 S.W Fourth, Corvallis, OR 97339 U.S.A.

Abstract.—The spotted owl (Strix ocddentalis) is a monochromatic species with slight sexual size di-

morphism in adults. Methods currently available to identify sex of adult owls are ineffective forjuveniles.

Blood samples taken from owls from the eastern Cascade Mountains, Washington were used for cDNA
cloning of a Z- and W-linked gene, DZWMl, to identify the sex of adult owls of known sex. A blind

assessment resulted in the correct identification of sex for all 59 owls sampled (45 subadult/adult and

14 juveniles recaptured as subadult/adult). We believe this technique can be used to identify the sex

of owls that cannot otherwise be identified using less invasive morphometric methods. Both field and

laboratory procedures are described.

Key Words: DNA; sex identification; spotted owl; Strix occidentalis.

Uso de analisis de DNA para identificar sexo en Strix occidentalis caurina

Resumen.

—

Strix occidentalis es una especie monocromatica con escaso dimorfismo sexual en el tamano

adulto. Los metodos comunmente disponibles para identificar sexo en los buhos adultos no son efectivos

para juveniles. Muestras de sangre obtenidas de buhos del este de las Montanas Cascada, Washington,

fueron usadas para clonacion de cDNA de un gen Z-y W-ligado, DZWMl, para identificar el sexo de

individuos ya determinados. Estas medidas resultaron en la identificacion correcta del sexo para los 59

buhos muestreados (45 subadultos/adultos y 14juveniles recapturados como subadultos/adultos) . Cree-

mos que esta tecnica puede ser usada para identificar el sexo de buhos que, de otra manera, no podrian

ser identificados usando metodos morfometricos menos invasivos. Tanto el procedimiento de campo
como el de laboratorio son descritos.

[Traduccion de Ivan Lazo]

The spotted owl (Strix occidentalis) is a mono-
chromatic species with slight sexual size dimor-

phism in adults (Blakesley et al. 1990). Morpho-
metric models and behavioral clues, such as vocal-

izations, have been used to identify the sex of adult

spotted owls (Forsman et al. 1984, Blakesley et al.

1990). However, none of these methods are useful

in identifying sexes ofjuvenile birds. It may be im-

portant to correctly sex juvenile spotted owls be-

^ Present address: Washington Department of Fish and

Wildlife, 600 Capitol Way North, Olympia, WA 98501

U.S.A.

cause the survival rate of juveniles is a significant

element of models used to estimate the status of

populations (Burnham et al. 1994). For example,

information on habitats used by juveniles during

dispersal can provide data on the effects of land-

scape conditions on age- and/or sex-specific sur-

vival.

Both hormone immunoassay and genetic analy-

sis have been used to identify sex of birds. Two
steroid hormone immunoassay methods have been

developed and used for a number of species, but

the level of accuracy varies among species (Bercov-

itz et al. 1978, Tell and Lasley 1991). Neither has
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been used in field conditions where it would be

difficult to obtain multiple fecal samples from the

same individual.

Genetic methods of sex identification such as

chromosome analysis (karyotyping) and flow cyto-

metry have been used with varying levels of success

(Ivins 1975, Halverson et al. 1985, Prus and
Schmutz 1987, Tiersch and Mumme 1993). Only

Nakamura et al. (1990) and Valentine (1990) have

reported high (99-100%) rates of correct sexing,

using chromosome analysis and flow cytometry, re-

spectively. In addition, analysis of nucleotide se-

quences of differential regions of avian sex chro-

mosomes generally has only limited usefulness in

diverse avian groups (Uryu et al. 1989, Quinn et

al. 1990, de Kloet and de Kloet 1991, Longmire et

al. 1991). Microsatellite probes can also be used to

determine gender in a wide variety of avian species

(Longmire et al. 1993).

Recently, cDNA cloning of a Z- and W-linked

gene, DZWMl, from the domestic turkey {Meleagris

gallopavo) has proven a reliable method to identify

sex in psittacines and it has been increasingly test-

ed successfully on many avian orders (Halverson

1990, Dvorak et al. 1992). Reliable procedures

need to be developed for many species (Griffiths

and Tiwari 1993, J. Longmire pers. comm.). Probes

of this gene sequence are homologous to the dif-

ferential region of both sex chromosomes and sex

can be determined by restriction fragment length

polymorphism.

The objective of this study was to determine the

accuracy and utility of using cDNA cloning tech-

niques to identify the sex of spotted owls. Our goal

was to use this technique to verify the sex of juve-

nile owls to facilitate development of a noninvasive

morphometric model for identifying the sex ofju-

veniles under field conditions. Herein, we describe

collection and analysis techniques and our results

using DZWMl to identify the sex of spotted owls.

Methods

We collected blood samples from 45 subadult or adult

spotted owls captured in the eastern Cascade Mountains

of Washington in 1991-95. In addition, blood samples

were collected from 308 juveniles, of which 14 were re-

captured as subadults/adults on the study area. Owls

were captured using techniques described by Forsman

(1983); criteria for identifying sex of subadult and adult

spotted owls are reported by Blakesley et al. (1990). Most
blood samples were taken from members of pairs (19 of

20 females, 22 of 25 males)

.

Blood was drawn from the brachial vein of the wing
after swabbing the area with alcohol disinfectant. Ap-

proximately 20 pi of blood was drawn using a 1.0 cc tu-

berculin syringe with a 22-25 ga needle. In 1991-92 the

blood was flushed directly into a cryovial containing 70%
ethanol to prevent contamination. In 1993-94, a hepa-

rinized capillary tube was used to collect 0. 1-0.2 pi of

blood. This technique did not involve direct withdrawal

of blood. Rather, the vein was punctured and several

drops of blood that accumulated on the surface of the

skin were drawn into the capillary tube and then placed

in the cryovial. Samples were labeled, refrigerated at 7°C

for 2-10 d, then sent by mail to the laboratory for pro-

cessing and identification of sex without information on
the field identification of the owl.

Samples were centrifuged at 2000 rpm for 5 min in the

initial collection tube. The supernatant was discarded

and the residual pellet resuspended in DNA Isolation

Buffer (0.1 M sodium chloride [NaCl], 0.05 M Tris pH
8, 0.1 M EDTA with 0.2 mg/ml Proteinase K and 0.5%
SDS) . The tubes were gently rocked at 55°C for 1-4 hr.

Following incubation, 0.5 pi saturated NaCl solution

was added and the samples shaken vigorously for 15 sec.

The samples were then centrifuged at 2000 rpm for 15

min and the supernatant decanted into a fresh tube, dis-

carding the pellet. Three ml of 95% ethanol were added
to the supernatant, and the solution gently mixed until

the DNA precipitate formed. The precipitate was re-

moved using a glass pipette hook, rinsed in 70% ethanol

and allowed to air dry. The DNA was resuspended in TE
(10 mM Tris pH 8, 2 mM EDTA) and dissolved by gende
rocking at 55°C for 1 d.

Twenty-five pi of sample (approximately 5 pg) was di-

gested with Sad according to manufacturer’s recommen-
dations (Pharmacia Biotec, Piscataway, NJ, U.S.A.) in a

total reaction volume of 35 pi. Ten pi of “Stop Dye”
(Maniatis et al. 1982) was added and the samples loaded

on a 0,8% agarose TBE gel. Electrophoresis was per-

formed at 15°C with recirculating buffer at 45 amperes
for 16-18 hr.

After electrophoresis, gels were photographed and
trimmed. Gels were immersed in denaturant (1.5 M
NaCl, 0.5 NaOH) for 30 min with gentle agitation, rinsed

briefly with water, then immersed in neutralizer (1 M Tris

pH 7.4, 1.5 M NaCl) for 30 min with gentie agitation.

Gels were then set up for capillary blotting onto Hybond
N (Amersham Corporation, 2636 South Clearbrook
Drive, Arlington Heights, IL, U.S.A. 60005) with lOX SSC
as the transfer buffer. Transfer was complete after 8-16

hr.

Blots were removed from the blotting apparatus, rinsed

briefly in 5X SSC, and air dried. Blots were exposed for

2 min on a UV transilluminator to crosslink the DNA.
Blots were then moistened in prehybridization fluid (0.5

M NaPhos pH 7.0, 7% SDS, 5 mM EDTA) and loaded

into glass tubes with 5 ml of prehybridization fluid. The
tubes were heated in the incubator for at least 15 min.

The probe was added and hybridization proceeded for

12-18 hr at 65°C.

DNA analysis was performed as previously reported

(Dvorak et al. 1992) except that restriction digests were

performed with Sad.

Blots were washed twice in 2X SSC and 0.5% SDS for

15 min each at room temperature, then washed in 0.2X
SSC, 0.5% SDS, for 25 min at 52°C. Blots were exposed
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Figure 1. Sad digests of 16 northern spotted owls probed with DZWMl. Lanes A and B are samples from the same

bird taken one year apart (1991 and 1992). Lane C shows an uncommon W allele in this study.

to Fuji RX film with two intensifying screens. Overnight

exposure was generally sufficient.

Results

We correctly identified the sex of all 45 sub-

adult/adult spotted owls from which sufficient

DNA had been collected. Three birds (one male

[Fig. 1], two females) were sampled twice, once as

fledglings and again as first-year subadults. We also

observed three second-year owls (two males, one

female; not included in totals above) which, as ju-

veniles, were correcdy identified by other research-

ers who used this same procedure (D. Herter pers.

comm., S. Sovern pers. comm.).

An autoradiograph of Southern blot hybridiza-

tion of DZWMl on Sad digest of genomic DNA
from 16 spotted owls is shown in Fig. 1. The arrows

on the right side of the figure indicate the molec-

ular weight size of the bands in kilobases (kb).

With Sad digestion, the 15.0 and 13.6 kb bands

are found only in female birds, hence are derived

from the differentiated region of the W chromo-

some. The 8.4, 3.2, 2.3 and 1.0 kb bands, which are

of double-intensity in male birds, originate from

the Z chromosome. The 13.6 kb band found in

sample C is an alternate W allele. Though com-

paratively rare in our Washington samples, it is

more common in samples firom Oregon (Forsman

pers. comm., Halverson pers. obs.). The 5.0 kb

band is nonspecific and provides a crude measure

of the amount of DNA in each lane.

Discussion

DNA analysis correctly identified the sex of all

62 (45 subadult/adult, three resamples, 14 recap-

tures) samples of spotted owl blood. This tech-

nique can be used by commercial laboratories and
has immediate application in studies of spotted owl

ecology because it allows rapid sex identification of

all juvenile owls and eliminates reliance on recap-

tures to determine sex (the recapture rate of this

sample was only 3.1%; Fleming unpubl. data). Be-

cause noninvasiVe sex determination models based

on morphometric features appear capable of ac-

curately sexing most spotted owls (Fleming un-

publ. data), we recommend blood sampling only

those owls which cannot be reliably sexed by mea-

surement.
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Analyses involving other avian species indicate

that blood sampling procedures have little effect

on individual birds (Stangel 1986, Colwell et al.

1988, Stangel and Lennartz 1988, Ardern et al.

1994). Nonetheless, we attempted to evaluate

whether spotted owls were adversely effected by

handling and blood sampling. Our resighting rate

for adults from which we collected blood samples

was 88.9% (40/45). Of the five owls that have not

been resighted, two were from areas burned by a

catastrophic forest fire in 1994, and there have

been no opportunities to resight three owls band-

ed in 1995. It would be difficult to make a similar

assessment forjuveniles because the resighting rate

is very low. However, extensive observations on two

adjacent study areas of radio-equipped juveniles

from which blood samples were collected indicate

that blood sampling does not adversely effect the

owls (D. Herter pers. comm., S. Sovern pers.

comm.). This leads us to believe that the proce-

dure is safe when properly administered. Because

the northern spotted owl is a threatened subspe-

cies, we recommend that all blood samples be col-

lected under required Bird Banding Laboratory

special authorization by banders with experience

and/or training in blood extraction procedures.

We encountered very few problems using this

procedure. Two samples, correctly identified in the

laboratory, were initially misidentified when a tech-

nician inadvertently trimmed the photographs of

the blots too closely. Only 20 of 358 samples (355

birds and three samples that were tested twice),

yielded no initial results. Of these, six were mis-

placed; three contained marginal amounts of

blood, but were salvaged when results were ob-

tained on a retest; four contained insufficient

blood to analyze; and seven apparently degraded

due to heat exposure when transported from the

field at temperatures of about 37°C. Heat degra-

dation had not been previously observed in over

50000 samples from 300 avian species. Because

spotted owl blood coagulated rapidly in hot weath-

er (>29°C) upon exposure to air or to a needle

exposed to the sun, we often placed blood directly

into the cryovial from the syringe. This occasion-

ally necessitated additional laboratory time to elim-

inate “extra” sample. The problem was corrected

when we later used a heparinized capillary tube to

collect blood.

Sex-linked polymorphism exhibited by Southern

blot hybridization with DZWMl is consistently

found with other restriction enzymes; the choice

of enzyme depends on ease of interpretation and

cost. Digestion with alternate enzymes can aid in

the analysis of allelic variation such as occurred in

sample C. The existence of variant alleles necessi-

tates the development of a data base on a given

species before accurate sexing ofunknown samples

can be guaranteed. We therefore recommend that

initial efforts use, if possible, blind samples from

known-sex members of pairs to establish species

parameters.
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BOREAL OWL MATING HABITAT IN THE NORTHWESTERN
UNITED STATES

Vicki Herren, Stanley H. Anderson, and Leonard F. Ruggiero^
Wyoming Cooperative Fish and Wildlife Research Unit,

Box 3166, Laramie, Wyoming 82071 U.S.A.

Abstract.—^We examined boreal owl {Aegolius funereus) mating habitat in the Sierra Madre range of the

Medicine Bow National Forest in Wyoming in the northwestern United States during 1992-93. In noc-

turnal surveys, we found 22 boreal owl singing locations which we compared to 68 random locations in

the study area. Owls used stands dominated by Engelmann spruce {Picea engelmannii) and subalpine fir

{Abies lasiocarpa) more often (77%) than stands of lodgepole pine {Pinus contorta). Stand size ranged

from 0.2-122.8 ha though adjacent stand type (forest or opening) was not investigated. All boreal owls

were found in areas with old forest characteristics including high basal areas of trees, tall snags, many
large down logs, and a tall overstory canopy. Some boreal owls sang from old forest stands adjacent to

clearcuts, one as close as 15 m. Older forests may provide nest holes for boreal owls which are obligate

cavity nesters.

Key Words: boreal owl, Aegolius funereus; mating habitat, old growth. Sierra Madre Forest, clearcut.

Habitat de apareamiento de Aegolius funereus en el noroeste de los Estados Unidos

Resumen.—Durante 1992 y 1993, examinamos el habitat de apareamiento de Aegolius funereus en la

Cordillera de Sierra Madre del Medicine Bow National Forest en Wyoming, al noroeste de los Estados

Unidos. En recorridos nocturnos, encontramos 22 sitios de canto de este buho, los que comparamos

con 68 sitios al azar en el area de estudio. Los buhos usaron mas a menudo (77%) parches dominados

por Picea engelmannii y Abies lasiocarpa que parches de Pinus contorta. El rango del tamafio del parche

fue de 0.2 a 122.8 ha. Todos los buhos fueron encontrados en areas con caracteristicas de bosque

antiguo, incluyendo grandes areas basales de arboles, ramas espigadas, grandes troncos caidos y grandes

sotobosques. Algunos individuos de esta especie se encuentran hasta alrededor de 15 m de claros de

bosque. Antiguos bosques pueden proveer de sitios de nidificacion para estos buhos que nidifican

obligadamente en cavidades.

[Traduccion de Ivan Lazo]

Boreal owl {Aegoliusfunereus) mating and nesting

habitat is poorly understood in the U.S. because of

their nocturnal behavior in remote forests. During

their late winter mating season in the western

states, boreal owls associate with older high-eleva-

tion forests generally composed of Engelmann
spruce {Picea engelmannii, ES) and subalpine fir

{Abies lasiocarpa, SA) (Webb 1982, Palmer 1986,

Hayward et al. 1993). High elevation patches of

ponderosa pine {Pinus ponderosa), Douglas fir

{Pseudotsuga menziesii)

,

and quaking aspen {Populus

tremuloides) are important when available (Hayward

et al. 1993). These forest types also support the

owl’s primary prey, the southern red-backed vole

{Clethrionomys gapperi) (Hayward et al. 1993).

^ USDA Forest Service, Intermountain Research Station,

Box 8089, Missoula, MT 59807 U.S.A.

During the mating season, male owls sing for a

mate with a continuous high-pitched song that can

easily be heard from 1.5 km and, on clear, cold

nights, up to 3.5 km (Bondrup-Nielsen 1984). This

allows an observer to locate owls without excessive

intrusion. Owl singing locations indicate habitat

use and represent potential breeding sites (Mee-

han 1980, Bondrup-Nielsen 1984, Hayward et al.

1993). Breeding sites vary by vegetation type but

boreal owls are obligate cavity nesters (Mikkola

1983).

In this study, we sought to describe habitat used

by boreal owls during the 1992-93 mating seasons.

We compared owl singing locations with random
habitat locations within the study area. The re-

search also illustrates the distribution of boreal owl

singing locations in a mosaic of forest patches com-
prised mainly of lodgepole pine {Pinus contorta.
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Sierra Madre
Mountains

Figure 1. The two watersheds (2526 ha) in the study

area located in the Sierra Madre mountains ofWyoming.

LP) and spruce/fir (SF) with interspersed clear-

cuts. Together with prey and nest hole availability,

breeding habitat may be the most critical factor

affecting the persistence of owl populations. We
specifically describe ( 1 ) forest structure at owl sing-

ing locations relative to the forested available hab-

itat on the study area, and (2) locations of singing

owls relative to clearcuts.

Study Area

The Blackball Mountain Study Area is located in the

Sierra Madre mountains of southcentral Wyoming in the

Medicine Bow National Forest (41°N, 107°W). Two con-

tiguous watersheds, Coon Creek (1615 ha) and the Up-
per East Fork of the Encampment River (911 ha), are

contained in the study area and lie near the Colorado
border, 38 km south of Riverside, Wyoming (Fig. 1). Both

drainages are heavily-forested mosaics of SF and LP
patches, with a few small meadows along the creeks and
ridgetops. Lodgepole pine covers 58% of Coon Creek,

and 67% of the East Fork for 61% overall. The remaining

forests are SF. Half of all stands in both watersheds were
classified by the U.S. Forest Service (USFS) as older for-

ests [scoring >38 on Marquardt’s (1984) Old Growth
Scorecard]. Timber on the Coon Creek watershed was
harvested with numerous small clearcuts as part of a wa-

ter augmentation experiment in the early 1990s. The
East Fork was left as an undisturbed control.

Elevation on the study area ranges from 2600-3300 m.
Current land uses include logging and grazing; small-

scale mining while harvesting for railroad ties occurred

historically.

The well-drained soils are 50-150 cm deep. Mean an-

nual precipitation measures 86.4 cm (1983-93), 70% of

which falls as snow from late September until late June.
Snow survey data from 1993 show a maximum snow
depth in late March 1993 of 235.2 cm (Gonyer 1994).

The mean annual temperature is 0.6°C, with a low of

-42.8°C and high of 30.6°C (Gonyer, 1994).

Methods

Boreal Owl Surveys. We established 24 transects

throughout the study area to locate male boreal owls dur-

ing the mating season. When possible, we surveyed by

snowmobile on unplowed roads and on snowmobile
routes traveled by other researchers. We surveyed more
remote areas by snowshoe on routes following stream

courses and ridges. A total of 122 listening stations (61

on each watershed) on the 24 transects allowed us to

detect singing males in all areas of the two watersheds.

Although audibility of a boreal owl song is 100% within

700 m (Holmberg 1979), the stations in this study were

a maximum distance of 500 m apart to increase detection

of singing owls over broken topography.

We surveyed for singing owls for approximately 6 hr
after dusk from late Eebruary through May of 1992—93.

To account for temporal and seasonal variations in sing-

ing activity, we surveyed each station at least three times

over the two mating seasons in different phases of mating

season (early season-late February, mid season-March

and April, late season-May), at different times of the

night (early, mid, late), during different moon phases (14,

14, %, full), and under different cloud cover (clear, pardy

cloudy, overcast), snowfall (none, light, moderate), and
wind (none, light, medium) conditions. We did not sur-

vey under conditions of strong winds and heavy snowfall

which were the two factors most affecting calling activity

in northcentral Colorado (Palmer 1986).

Because of the potential bias of luring an owl from a

singing location toward the listening station, tape play

back was not used. All owl locations used in this study

represent habitat used by spontaneously singing boreal

owls. When owl singing was heard, we either moved to-

ward it until the actual singing tree was located or we
identified the location by triangulating the site from two

stations (providing the singing continued while we trav-

eled between stations) . All singing locations were marked
on a 1:24000 U.S. Geological Survey topographic map.
We combined all locations from both survey years to de-

scribe habitat used by boreal owls during their mating

season. Locations that were used more than once during

the study were counted as a single location.

Microhabitat. The U.S. Department of Agriculture For-

est Service Rocky Mountain Forest and Range Experi-

ment Station conducts long-term wildlife research in the

study area. A sampling grid of 90 stations in each water-
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shed along north-south transects 400 m apart has been
established for these wildlife studies. Stations are located

200 m apart, numbered and flagged. We used a subset

of those 180 stations to describe available habitat. To
achieve a representative subsample, we listed stations

from both watersheds by cover type, discarded stations

that occurred in clearcuts, and chose every third station

on the list until we had at least three times the number
of owl singing locations {N= 22) and approximately 60%
LP stations and 40% SF stations. Each location repre-

sented suitable habitat for boreal owls during their mat-

ing season.

We determined habitat associations of areas used by

boreal owls during their mating season through bird-cen-

tered (“singing tree”) habitat sampling. We used the

James and Shugart (1970) method as modified by Noon
(1980) to measure habitat variables at owl singing loca-

tions and at available habitat sampling stations. The
method employs a 0.04 ha (11.3 m radius) plot. At owl

singing locations, the actual “singing tree” was used

when it had been found. Otherwise, the closest tree >23
cm diameter breast height (dbh) within 10 m to the tri-

angulated locations was used to represent the “singing

tree” and therefore the potential nest tree. The mini-

mum nest tree size used for breeding in Idaho was 23

cm (Hayward et al. 1993).

Within each plot, we classified each tree by species and
diameter size class (dbh). We classified each snag >6 m
tall into a diameter size class and height, and each

downed log >2 m long was placed into a diameter size

class and its length measured. We used a 1-factor metric

Reloskop to measure basal area of the three tree species

(m^/ha) from the center tree and to measure maximum
canopy height in the plot. Percent overstory canopy cover

was estimated from the average of four measurements in

each cardinal direction at the 11.3 m plot edge using a

spherical densiometer (Model C). Ground cover was not

measured, as the study area was generally dominated by

low-growing grouse whortleberry {Vaccinium scoparium)

and forbs. Aspect was estimated for all plots using the

GRASS Geographical Information System (GIS).

Macrohabitat. We derived stand size information from
USFS maps made prior to clearcutting. Stands were de-

lineated based on vegetative, topographic, and edaphic

features. The size of each of the 401 stands within the

two watersheds was estimated using a GIS. Stands with

owl singing locations were identified by location and site

number.
Distance to Clearcuts. Because there were no clearcuts

m the East Fork watershed, we used the Coon Creek wa-

tershed singing locations and available habitat sampling

stations (N — 16 and 29, respectively) to describe the

distance to a clearcut. We measured the distance with a

metric tape for plots within sight of a clearcut which was

a maximum of 51 m. Plots without a clearcut in sight

were categorized as >51 m from a clearcut.

Data Analysis. To test if boreal owls used habitats in a

nonrandom manner, comparisons of 23 vegetation vari-

ables were made at the microhabitat scale. Nonnormal
distributions and unequal variances in the data led to the

use of nonparametric statistical tests for univariate anal-

ysis. Because we used multiple, simultaneous Mann-Whit-

ney U tests, we used Bonferroni-adjusted probability level

for a ^ 0.05 to P < 0.0022.

To examine multivariate patterns in the habitat data,

we used an exploratory discriminant function analysis.

Eleven variables (basal area, LP >38 cm dbh, ES 15-38

cm dbh, ES >38 cm dbh, SA 0-15 dbh, snags >39 cm
dbh, snag height, logs 10—32 cm, logs >32 cm, canopy
cover, and canopy height) with low Pearson correlations

(r< 0.55) were used in three direct discriminant analyses

(SPSS, Inc. 1990). Three analyses were done because the

two classification groups to separate in the discrimination

(owl locations and available sites) were of unequal sam-

ple sizes {N = 22 and 68, respectively) . Three subsamples

(SI, S2, and S3) of the available sites were drawn to bet-

ter balance sample sizes (Williams and Titus 1988).

Therefore, each analysis was between all owl locations

and one of the three random subsamples (SI, S2, S3) of

available sites. Prior probabilities for classification were

set for the fraction of cases (habitat plots) in each group
Variables with significant structure coefficients (>0.30)

from the three subsamples are reported and biologically

interpreted (Williams and Titus 1988).

Forest cover type at owl singing locations was deter-

mined through cluster analysis (SPSS, Inc. 1990). We
used basal area of LP, basal area of SF, the number/ha
of LP in two size classes (15-38 cm dbh and >38 cm
dbh), and the number/ha of SF in the same two size

classes.

Chi-square analyses were done on three categorical

variables: aspect, the distance to a clearcut, and cover

type. Aspect, and the two categories of distance to a clear-

cut (<51 m, >51 m), were tested with the chi-square

homogeneity test for differences between the expected

and observed frequency of use (Jelinski 1991). A chi-

square goodness-of-fit test was used to test if the owls used

cover type (as determined by cluster analysis) in different

proportions than expected based on available habitat

proportions of 60% LP and 40% SF (Jelinski 1991, Neu
et al. 1974).

The distance to clearcut tests used only the owl singing

locations and systematic habitat sampling points in the

Coon Creek watershed with the clearcuts {N =16 and

29, respectively) . Distance to a clearcut data analysis had
two parts. After the chi-square test, a Mest was used to

test for differences in the measured distances (<51 m)
to a clearcut.

We compared the central tendency of stand sizes used

by boreal owls to sizes of all stands at the study area. We
used a t-test to compare the sample stands (owl-use

stands) to the population (all stands within the two wa-

tersheds) .

Results

Twenty-two boreal owl singing locations were

found during the two years of surveys. Six were in

undisturbed parts of the East Fork watershed and

16 were in areas of the Coon Creek watershed

where there were several small clearcuts. Eight lo-

cations were actual “singing trees” where owls

were seen in the trees. The remaining 14 locations
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Table 1 . Comparison of habitat variables at boreal owl singing sites with habitat variables at three nonsinging sites

(SI, S2, S3) in the study area.

Variable SI S2 S3 Owl Site

Structure Coefficient

Down logs >32 cm dbh 0.552 0.612 0.581

Canopy height 0.359 0.457 0.362

Snag height 0.337 0.373 0.430

ES >38 cm dbh 0.336 0.323

SA <15 cm dbh 0.369

Means

Down logs >32 cm diam 3.6 7.9 3.1 7.7

Canopy height 22.9 21.9 22.5 26.7

Snag height 10.7 9.0 8.2 16.6

ES >38 cm dbh 37.2 20.0 20.7 64.7

SA <15 cm dbh 441.5 481.5 462.7 869.2

Canonical correlation .777 .816 .805

% Correcdy classified 92.98 96.49 94.74

Centroids 1.53 1.75 1.68

-.961 1.10 1.05

were found after hearing owls at two listening sta-

tions. All 22 locations were treated equally.

Microhabitat. Four of the 23 variables tested in

univariate analysis were significantly different be-

tween boreal owl locations and available habitat.

The four variables were: basal area of ES (12.4

m^/ha vs 6.6 m^/ha, owl locations vs available hab-

itat, respectively, P < 0.0001); basal area of SA
(12.4 m^/ha vs 8.7 m^/ha, P — 0.0005); canopy

height (27 m vs 23 m, P = 0.0004); and large,

downed logs (7.7 vs 3.7, P < 0.0001).

Taller overstory canopy, tall snags, and many
large (>32 cm dbh) downed logs were identified

as important forest characteristics in the discrimi-

nant analyses (Table 1). The three analyses (SI, S2,

S3), based on 11 forest structure variables, ac-

counted for 60%, 67%, and 65% of the variance

within the groups, respectively. The single canoni-

cal function generated for each analysis signifi-

candy distinguished between available habitat and

sites used by singing boreal owls (P < 0.001). The
first subsample (SI) added the number/ha of

small SA trees to the function while S2 and S3 add-

ed the number/ha of large (>38 cm dbh) ES trees

to the function. Discriminant function analyses

provided 93%, 96.5%, and 95% correct classifica-

tion, respectively, suggesting substantial differences

between available habitat and owl singing sites.

Snag height (somewhat correlated with large di-

ameter snags, r = 0.45) was also identified in the

discriminant analysis. At owl singing locations,

large diameter snags (>39 cm dbh) were generally

taller (21.23 m, range 12-31.8 m) than medium
(18-39 cm dbh) diameter snags (15.6 m, range 6-

26.8 m, P < 0.013). Large diameter snag density at

the Blackball Mountain study area was estimated at

19 ± 21.7 snags/ha at boreal owl singing locations,

while the available habitat had an estimated 8 ±
16 snags/ha.

Cluster analysis of basal area and tree density

data for owl location plots determined the forest

cover type. Five locations were in the LP cover type

and 17 in the SF cover type.

The SF cover type was used by boreal owls more
frequently than its proportional availability (40%)
at the study area (x^ = 13.54, df = 1, P < 0.005).

The lodgepole cover type was used less than its

proportion of availability (60%).

The aspect at boreal owl singing locations did

not differ from aspects at sampled available habitat

locations (x^ = 9.19, df = 7, P = 0.239). The chi-

square test of homogeneity compared observed

and expected frequencies between owl locations

and available sites {N = 22 and 68, respectively).

Macrohabitat. The 22 owl singing locations oc-

curred in 16 stands. One large (122.8 ha) SF stand

had five locations, two LP stands had two singing

locations each, and the remaining 13 stands had

one singing location per stand. It is quite possible

that the same bird used several of these locations.
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Boreal owl breeding season home ranges have

been reported to vary between 240-352 ha for two

birds in Colorado (Palmer 1986) and to average

1451 ± 552 ha in Idaho (Hayward et al. 1993).

At this scale, boreal owl singing locations were

almost equally distributed by cover type into SF

stands (55%) and LP stands (45%). This differed

from plot level cover type designation (from clus-

ter analysis) for three of the 16 stands used by sing-

ing boreal owls.

The mean stand size at the study area (6.9 ±
13.7 ha) differed from mean stand size at owl lo-

cations (35.5 ± 36.4 ha, P = 0.0067). Stands in the

available habitat ranged in size from 0.005-122.8

ha; stands used for singing ranged from 0.17-122.8

ha.

Distance to Clearcuts. The 227 small clearcuts in

the Coon Creek watershed have left 82% of the

forest within 200 m of a clearcut. The maximum
possible distance from a clearcut is 270 m (E.

O’Doherty pers. comm.). Boreal owl singing loca-

tions did not differ in the distance to a clearcut

from the random available habitat locations (x^
=

1.65, df — P = 0.199). The chi-square test of

homogeneity tested the two categories of distance

to a clearcut (<51 m, >51 m) for boreal owl sing-

ing locations {N = 16 in this watershed) and ran-

dom available habitat sampling points {N = 29 in

this watershed) . Further, a Mest between the mea-

sured distances (<51 m) showed no difference {P

= 0.65) in the mean distance to a clearcut between

owl singing locations (29 ± 12.8 m) and the avail-

able habitat sampling points (31.7 ± 12.9 m) in

the Coon Creek watershed. The closest “singing

tree” to a clearcut was 15 m and the average dis-

tance was 27 ± 30 m.

Discussion

The majority of owl singing locations at the

Blackball Mountain study area were in the SF cover

type with microhabitat structure typical of mature

or old-growth forests (large downed logs, a high

overstory canopy, tall snags, large ES trees, and

small fir trees). Large snag (>39 cm dbh) density

at owl singing locations, greater than in either the

available habitat or other study areas in Colorado

(Palmer 1986, Ryder et al. 1987) or Idaho (Hay-

ward et al. 1993), increases the potential for suit-

able nest sites for boreal owls. Dense ES forests also

offer protection from predators such as pine mar-

ten (Maries martes) (Korpimaki 1988) and larger

birds of prey (Mikkola 1983). The singing locations

in LP cover types had large lodgepole trees instead

of ES trees, as did boreal owl singing locations in

LP stands on the Beaverhead National Forest in

Idaho (Hayward et al. 1993). Hence, some LP
stands appear to have adequate forest structure for

boreal owls to use as singing sites.

Canopy height and large downed logs were iden-

tified as important differences between owl singing

sites and random sites in both multivariate and uni-

variate tests. Large downed logs are an important

component of old-growth forests (Maser et al.

1979, Meslow et al. 1982) and were correlated with

boreal owl mating habitat on our study area. Webb
(1982) also described three of his five boreal owl

locations in northern Colorado as having “much
fallen timber.” Although studies on boreal owl for-

aging sites did not report the log component di-

rectly, the highest numbers of foraging sites were

in mature or older SF forests that support the owl’s

primary prey, the red-backed vole (Palmer 1986,

Hayward et al. 1993). The old-growth locations

used by boreal owls during the mating season at

the Blackball Mountain study area may also be

used for foraging.

Microhabitat at owl singing locations indicated

that SF cover types were used most often by boreal

owls. Similarly, Palmer (1986) found a higher den-

sity of boreal owls in Colorado’s high elevation SF

though four other habitat types were available.

Only in years with an abundance of boreal owls at

his study area were lower elevation mixed forest

habitat types used. He suggested that the SF is op-

timum habitat in the Cameron Pass area (Palmer

1986) 87 km south of the study area.

Hayward et al. (1993) found from surveys

throughout the northern Rockies that a majority

of boreal owl locations were in SF habitat types. In

Idaho, the owls bred more often in mixed conifer

and aspen habitats and, in the wilderness study

site, did not nest in boxes hung in LP stands. At

Blackball Mountain, the aspen cover type was not

available, and some LP stands were used for sing-

ing. Like some of the boreal owl singing sites in

Colorado (Palmer 1986, 1987), sites used in Black-

ball Mountain during mating season may be sub-

optimal. Without knowing the density and repro-

ductive success of boreal owls at the Blackball

Mountain study area and in the surrounding hab-

itat, inferences about the use of areas of lesser

quality could not be made. Hayward et al. (1993)

suggested that suboptimal habitat may still be im-

portant at a regional and metapopulation scale.
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The discrepancy in cover-type designation be-

tween USFS maps and the cluster analysis for three

of the 16 stands used by singing boreal owls is

probably due to the difference in scale. This situ-

ation illustrates the importance of collecting habi-

tat data on the ground rather than from a large-

scale map.

The wide range of stand sizes used by singing

boreal owls at Coon Creek suggests that even small

stands provide forest structure to allow the owls to

attempt breeding. However, adjacent stand condi-

tions (clearcut, cover type, stand size, etc.) were

not investigated though they may have had a sig-

nificant influence. Also, the present and future de-

gree of suitability of these small sites was unknown.

Rosenberg and Raphael (1986) found that small

patches of old-growth support forest-interior spe-

cies, although their smallest stand measured 5 ha.

In the long term, as the amount of habitat avail-

able is reduced, owl populations will decline (Hay-

ward et al. 1993).

The choice of habitat made by boreal owls may
be of ecological importance to their survival. Mi-

crohabitat selection may help avoid predation by

larger owls. Food supply may be easier to obtain

thereby conserving energy in this very harsh envi-

ronment.

Boreal owls in the Coon Creek watershed sang

in trees near clearcut edges. The “singing tree”

and microhabitat data suggested that old-growth

conditions are found near the edges of clearcuts.

Owls may use edges for several other reasons. If

the location was used for nesting prior to the clear-

cuts, it may continue to be used because of nest

site tenacity by male boreal owls when suitable nest

sites are scarce as in Sweden (Lundberg 1979) and

western Finland (Korpimaki 1988). If clearcutting

eliminated more suitable sites and packed owls

into remaining forest, suboptimal locations may be

used. Korpimaki (1987), for example, found that

male boreal owls used nest holes just over 1 km
from the edge. We speculate that stand structure

is more important than any factor relating to edge.

Boreal owl populations are associated with old

growth characteristics including large, tall trees.

Large downed logs are an indirect indicator of

such stands and may also provide foraging sites for

boreal owls.

Perhaps the most intriguing finding of this study

is that the majority of the singing locations were in

the watershed containing clearcuts. Korpimaki

(1988) found that Tengmalm’s owls in western Fin-

land preferred voles {Microtus sp.) that occupied

clearcut areas where snow melted earlier than in

woodlands. During breeding, which starts as the

snow is melting, these owls mainly hunted in fields.

He found that agricultural lands interspersed with

productive ES forests lowered the variability of

food supply which benefitted breeding owls. The
mosaic of openings and forests provided several

species of small mammals and therefore balanced

the seasonal and year-to-year population fluctua-

tions. Foraging boreal owls in Norway avoided

clear-fellings that had higher prey densities than

old-forest stands because the higher, denser vege-

tation made prey less accessible (Sonerud et al.

1986). Recent clearcuts in the Coon Creek water-

shed may provide greater prey availability for bo-

real owls at forest edges than in the undisturbed

East Fork watershed. It is possible the owls have

benefitted from some clearcutting in the short-

term.
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NEST-SITE AND AERIAL MEETING POINT SELECTION BY
COMMON BUZZARDS (BUTEO BUTEO) IN CENTRAL ITALY

Marina Cerasoli
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Via Palo Laziale, 2,00055 Ladispoli (Roma), Italy

Vincenzo Penteriani
Laboratoire dEcologie, Universite de Bourgogne, B.P. 138—21004 Dijon Cedex, France

Abstract.—^A nesting population of common buzzards {Buteo buteo) was studied in a mountainous area

of central Italy from 1988-92. Nesting density averaged 19.74 pairs/100 km^, and the average minimum
distance between pairs was 1.4 km (SD = 0.432). Mean number of young fledged/successful nest was

1.78 for all years combined. Of nests examined, a significandy (P = 0.001) larger proportion were on

slopes facing to the northeast (73.3%), most were on the mid-portions of slopes (60%), and were built

at the intersections between tree branches and tree trunks (86.6%). Other factors including elevation,

the angle between tree trunks and branches, tree height, tree crown volume, the distance of nests from

a forest edge, the distance of the nest from areas of timber harvesting, and the average trunk spacing

were also important variables in terms of nest placement. The distance of aerial meeting sites (areas

where a group of at least three buzzards regularly soared, tumbled together, and chased each other)

from neighboring nest sites and maximum slope were also important factors in the choice of these

gathering points.

Keywords: nest-site selection', buzzard', Buteo buteo; reproduction', aerial meeting pointy, central Italy.

Sitios de nidificacion y seleccion de puntos de reunion aerea por Buteo buteo en Italia central

Resumen.

—

Una poblacion nidificante de Buteo buteo, fue estudiada en un area montanosa de Italia

central, desde 1988 a 1992. La densidad promedio de nidificacion fue de 19.74 parejas/100 km^, la

distancia minima promedio entre parejas fue de 1.4 km (DS = 0.432). El numero medio de juveniles

volantones/nido exitoso fue 1.78 para todos los anos combinados. De los nidos examinados, una sig-

nificativa proporcion (P = 0.001) estaba sobre laderas de exposicion noreste (73.3%), la mayoria estaba

sobre la porcion media de las laderas (60%) y fueron construidos en la interseccion de ramas y troncos

de arboles (86.6%). Otros factores que incluyeron elevacion, angulo entre ramas y troncos, altura del

arbol, volumen de cosecha arborea, distancia de los nidos al borde del bosque, distancia del nido a

areas de cosecha y el espacio promedio entre troncos, fueron importantes variables respecto a la ubi-

cacion del nido. La distancia de sitios aereos de reunion (areas donde un grupo de al menos tres

individuos regularmente remontaban el vuelo, caian juntos y se perseguian unos a otros) a sitios de

nidificacion vecinos y m^ima inclinacion tambien eran factores importantes en la eleccion de estos

puntos de reunion.

[Traduccion de Ivan Lazo]

Studies on habitat use by birds show that they

nest in those portions of the available natural en-

vironment which best suit their primary living re-

quirements (Hilden 1965, Morse 1980, Cody
1985). Common buzzards (Buteo buteo) have been

the focus of numerous and diversified studies, con-

ducted in most of their range (Mebs 1964, Tubbs

1974, Rockenbauch 1975, Weir & Picozzi 1975,

1983, Picozzi & Weir 1976, Arce Velasco 1987);

however, few data are available on their selection

of nesting habitat (Kostrzewa 1987, Jedrzejewski et

al. 1988, Kostrzewa 8c Kostrzewa 1988, Hubert

1993). This study was designed to characterize

breeding density, reproductive success, and nest-

site selection in a common buzzard population in

a mountainous area. In addition, we sought to pro-

vide data on the selection and use of aerial meet-

ing sites of buzzards (Tubbs 1974).

Study Area

The study was conducted in a mountainous area mea-
suring 400 km^ between the Latium and Abruzzo regions

130
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of central Italy. Elevation of the area ranged from 508-

1820 m. The landscape consisted of a mosaic of habitat

types including forests, pastures, clearings, and piedmont
crop areas. Forested areas were the most common cover

type covering approximately 35.5% of the total area

(I.S.T.A.T. 1991). Dominant tree species were Castanea

saliva, Quercus cerris, Q. pubescens, Pinus nigra, and Fagus

sylvatica. Most of the forested area was being used as cop-

pice.

Methods

We mapped forested areas using 1:25 000 scale maps
and 1;10 000 scale aerial photos. Because common buz-

zards are found in a variety of habitats (Tubbs 1974,

Cramp and Simmons 1980), all forested areas were sur-

veyed for breeding pairs. We located occupied nesting

areas by observing territorial flights, nuptial displays, nest

building during the early stages of the breeding period

(February-March)
,
and prey deliveries to nests during

the nestling period (June). We also used recorded play-

backs of common buzzard calls during March, April,

June, and October (Cerasoli and Penteriani 1992) to lo-

cate occupied nesting areas.

To assess reproductive success, we observed occupied

nests from fledging until the young left the nest area

(buzzard fledging period: 48-62 d, Cramp and Simmons
1980), and production was calculated as the mean num-
ber of fledgings/successful nest. To estimate nesting den-

sity, we used nearest neighbor distance (Newton et al.

1977).

Nest-site characteristics were analyzed on two levels.

Level 1 analysis assessed features of nest trees and the

nests themselves and Level 2 assessed habitat features sur-

rounding the nest area (Table 1 ) . Level 1 features were

measured using a tree caliper, metric tape and compass.

Level 2 analysis used circular, nest-site plots with 30 m
radii centered on nest trees (James and Shugart 1970,

Reynolds et al. 1982, Titus & Mosher 1987, Jedrzejewski

et al. 1988) . Features of trees in plots were sampled using

four, 30 m transects radiating from the nest tree at right

angles to each other and following the four cardinal com-
pass directions. Trees intercepted by the lines were mea-
sured using the line intercept method (Mueller-Dombois

& Ellenberg 1974, Burnham et al. 1980, Bonham 1989).

To identify possible habitat selection, we used a point-

centered-quarter method (Mueller-Dombois & Ellenberg

1974, Bonham 1989) consisting of four plots established

in each of the cardinal compass directions, 60 m from
nest trees. These four plots were 60 m in diameter and
four, 30 m transects radiated from the center of each plot

in each of the cardinal compass directions. Canopy cover

was measured along the four transect lines in each plot

by estimating percentage of sky not obstructed by vege-

tation in black & white photos taken with a camera
placed horizontally on a tripod and fitted with a 28 mm,
f.3.5 lens. Nest-site characteristics were measured at a to-

tal of 15 occupied nests for Level 1 analysis, and at 13

occupied nests for Level 2 analysis.

We also measured habitat characteristics within a 0.5

km radius of eight aerial “rendezvous” sites (areas where
a group of at least three common buzzards were regularly

seen soaring, tumbling together and chasing each other,

Tubbs 1974) to determine if the selection of these meet-

ing sites was dependent on neighboring nest-site location

and/or topographic features facilitating flight and mini-

mizing energy requirements (Cody 1985). In this case,

we used the point-centered-quarter method with four,

1-km diameter sample plots tangent to the rendezvous

site and centered on the cardinal compass directions

Percentage slope was calculated inside the plots and
along slopes using the number of contour lines on to-

pographic maps of the area. Using this method, maxi-

mum percentage slopes had the greatest number of con-

tour lines and minimum percentage slopes had the few-

est contour lines. By definition, rendezvous sites had to

contain at least three common buzzards. The number of

additional common buzzards at a rendezvous site was

treated as the dependent variable in a multiple regres-

sion model. Independent variables were: (1) distance of

the plot center from the nearest nest and (2) percent

slope at the center of the plot.

Data were not in consistent units of measurement so we
converted them to nondimensional index numbers. Quali-

tative variables, such as tree species and slope exposure were

also transformed into indexes. We used (1) principal com-
ponent analysis (PCA) to scale down the number of vari-

ables; (2) cluster analysis and analysis of variance (ANOVA)
to test for nest-habitat selection; (3) chi-square tests to ex-

amine the distribution of nests relative to slope position and
exposure; (4) chi-square and Mann-Whitney tests to com-
pare characteristics of common buzzard nest sites and sam-

ple plots, and rendezvous sites and sample plots; and (5)

multiple linear regression for characterization of rendez-

vous sites (Sokal and Rohlf 1981).

Results

We found 15 pairs of breeding common buz-

zards in the 91.18 km^ study area, for a density of

19.74 pairs/100 km^. Minimum distance between

the pairs averaged 1.4 km (SD = 0.43, range =

0.85-1.82). Egg-laying took place during the sec-

ond week of April and fledging occurred in the

first half of June. In only one case were eggs laid

during the third week ofApril. Annual productivity

of breeding pairs was 1.78 fledgings/successful pair

(SD = 0.16, range - 1.62-2.00).

Common buzzards nested in a diversity of trees.

Of 15 occupied nests, five (33%) were in Castanea

saliva trees, three (20%) in P. nigra trees, two

(13%) in Q. cerris trees, and one each (6.7%) was

in a Picea excelsa, Ostrya carpinifolia, F. sylvatica, Q.

pubescens, and Populus spp. tree. Eleven (73.3%) of

the nest trees were on slopes that faced northeast

and they were on the mid-portions of slopes. Thir-

teen nests were situated at the intersection be-

tween a tree branch and the trunk, and the re-

maining two nests were on lateral branches. Seven

of the 24 variables measured at nests were signifi-

cantly different from the same variables at mea-

sured sample plots: elevation (F = 2.82; P =
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Table 1. Sample means and standard deviations of characteristics of nest-site and sample plots for common buzzards

m central Italy.

Nest Sites

(Range)

Control Plots

(Range)

Test

Statistic

Level 1 Analysis {N = 15)

Tree DBH (cm) 27.77 ± 7.27 — = 22.82

Tree height (m)

(18-42)

17.58 ± 2.96 = 21.35

Nest height (m)

(14-25)

12.7 ± 2.77 X^ = 7.26

Relative height of nest in tree (%)

(8.5-15.5)

72.77 ± 1 X^ = 30.32*

Relative height of nest in crown (%)

(52.5-91.4)

48.85 ± 25.58 X^ = 160.96***

Number of branches supporting nest

(5.88-92)

3.92 ± 1.5 X^ ^ 3.03

Distance to nearest timber harvest (m)

(2-7)

40.28 ± 23.08 5.74 ± 21.76 U = 240,

(4-71) (0-141) z = -1.4

Distance to nearest forest trail (m) 28.23 ± 19.4 42.5 ± 26.46 U = 433,

(2-74) (0-98) z = -0.93

Distance to nearest water (m) 93.8 ± 59.77 102 ± 51.39 U = 302,

(42-203) (6-250) z = -0.15

Distance to nearest woodland 67.59 ± 48.41 72.4 ± 24.75 U = 273,

edge (m) (4-120) (0-182) z = -0.61

Level 2 Analysis {N =13)

Elevation (m) 927.33 ± 122.88 989.3 ± 142.64 U = 333,

(770-1230) (750-1250) z = -0.01

Tree dbh (cm) 11.94 ± 10.42 8.92 ± 6.76 U = 340,**

(2-33) (2-90) z = -3.36

Tree height (m) 10.74 ± 3.04 7.58 ± 3.56 U= 211,**

(3.5-25) (3.1-18) z = -3.37

Height of trunk without 5.15 ± 2.25 2.52 ± 1.47 U= 163,

branches (m) (1.1-11) (1.1-8.63) z = -1.31

Number branches in tree 21.55 ± 9.02 10.8 ± 9.69 U= 511,*

(14-55) (8-55) z = -3.26

Angle between trunk and branches (°) 64.08 ± 7.74 37.6 ± 16.97 U= 169,

(50-90) (30-90) z = -1.63

Tree crown volume (m^) 170.02 ± 68.51 42.59 ± 37.26 46,***

(29.44-463) (1.07-278.56) z = -4.04

Trunk spacing (m) 2.38 ± 0.85 1.75 ± 0.86 U= 107,*

(0.88-3.53) (0.84-3.29) z = -2.58

Canopy cover (%) 16.07 ± 9.42 76.12 ± 28.31 U= 139,*

(2-50.8) (5-100) z = -2.71

* T < 0.01, ** P < 0.001, *** P < 0.005.

0.046), angle between trunk and branches (F =

73.28; P = 0.0001), nest-tree height (F = 98.24; P
— 0.0001), tree crown volume (F — 87.16; P =
0.0001), distance of nest tree from forest edge (F

= 6.06; P = 0.001), distance of nest tree from tim-

ber harvesting (F = 13.84; P = 0.0001), and aver-

age trunk spacing (F = 44.62, P — 0.0001). Single

linkage analysis (Sneath and Sokal 1973) did not

form separate groups of nest trees on the basis of

these seven variables but Ward’s analysis (Everitt

1974) identified four groups of nest-site plots

which enabled us to identify each nest-site variable

as belonging to a group with a unique pattern of

variables. Groups 1 and 3 contained 25 and five
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Table 2. Average (±SD) of the seven main components (PCA) in the four groups of nest-site plots identified by

the Ward’s method.

Variable Group 1 Group 2 Group 3 Group 4

Elevation (m)

Angle between trunk

and nest branch (°)

Tree height (m)

Tree crown volume

(m^)

Nest distance from

forest edge (m)

Nest distance from

timber harvesting (m)

Trunk spacing (m)

921.6 ± 121.5

13.8 ± 20.5

1.9 ± 2.9

1.0 ± 2.0

38.8 ± 25.4

29.8 ± 18.6

0.4 ± 0.5

993.1

± 30.4

69.8 ± 10.3

13.3 ± 3.2

56.5 ± 41.3

61.9 ± 42.5

43.1

± 23.9

2.1

± 0.8

1057 ± 163.8

6 ± 13.4

0.7 ± 1.6

0.2 ± 0.5

106 ± 24.1

98 ± 24.9

0.2 ± 0.4

897.5 ± 113.74

58.3

18.9

283.6

73.3

37.5

2.5

5.2

3.5

95.8

54.4

22.3

0.7

plots, respectively, and none had nest sites. Groups

2 and 4 contained 29 and six plots, respectively,

and had nine (31%) and four (66.7%) nests.

For each of the seven main components, the av-

erage in each group was determined (Table 2). Av-

erages for groups 2 and 4 that contained nest plots

were 993.1 m and 897.5 m for elevation, 69.83° and
58.33° for the angle between the trunk and the

branch supporting the nest, 13.26 m and 18.91 m
for nest-tree height, 56.47 m^ and 283.58 m^ for

the tree crown volume, 61.86 m and 73.3 m for the

distance of the nest tree from the nearest forest

edge, 43.06 m and 37.5 m for the distance of the

nest tree from the nearest timber harvesting; and

2.08 m and 2.47 m for trunk spacing.

Mean values for several variables were higher in

nest-site plots than in sample plots. There was a

significant difference for tree height {U — 211, z

= —3.37, P - 0.0008), tree crown volume ( U — 46,

z = -4.04, P = 0.0002), trunk spacing {U = 107,

Table 3. Means (±SD) of characteristics of eight “ren-

dezvous” sites and sample plots.

Rendezvous

Sites

(Range)

Sample Plots

(Range)

Test

Statistic

Distance 770.8 ± 496.8 1187 ± 469 27,

from

nests (m)

(350-1675) (575-2275) z = -1.91

Maximum 49.9 ± 12.3 52.2 ± 18 U= 119,

% slope (40-75) (2.5-85.7) z = -0.34

Minimum 20.1 ± 6 19.1 ± 9.7 U= 99,

% slope (10.3-28.6) (7.14-41.7) z = -1.06

z = —2.58, P = 0.01), nest-tree diameter {U = 340,

z = —3.36, P = 0.0009), number of branches in

the nest tree (t/= 511, z = —3.26, P = 0.002), and

canopy cover {U = 139, z — —2.71, P — 0.008)

between nest-site plots and sample plots (Table 1).

We also found statistically significant differences

between tree diameter {U = 352, z = —5.24, P =

0.001) and tree height {U = 257, z = —47.38, P ==

0.001) for nest trees and other trees inside the nest

plot.

Rendezvous points of common buzzards aver-

aged 770.8 m (SD = 496) from neighboring nest

sites (Table 3). Regression coefficients of indepen-

dent variables derived from the multiple linear re-

gression model were negative in terms of distance

of rendezvous site plots from neighboring nest sites

(r = -0.0003, P = 0.01; x = 770.8 m, SD = 496.84)

and for minimum slope (r = —0.002, P = 0.13; x

— 20.1 m, SD — 6.16), and positive for maximum
slope (r - 0.002, P - 0.14; x - 49.9 m, SD =

12.28). The highest correlation was obtained for

the distance between the rendezvous point and the

nearest neighboring nest site. These data showed

that the distance of rendezvous sites from neigh-

boring nest sites was the most significant factor in

the choice of these gathering points. Maximum
slope may have also affected site selection.

Discussion

We found that common buzzards showed a dis-

tinct tendency to select nest trees located in the

mid-portion of northeastern-facing mountain
slopes. They built their nests at the intersection be-

tween a tree branch and the trunk, approximately

% the way up the tree. This tendency was also ob-
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served by Tubbs (1974), Rockenbauch (1975),

A.C.I.N.E.R. (1979), and Hubert (1993). Easy ac-

cess to nests appears to be a key factor in nest

placement. Nest placement between tree branches

and trunks facilitates frequent trips made by adults

to and from nests with food, as well as early flights

of recently fledged young (Tubbs 1974, Hubert

1993). Other factors influencing nest-site selection

are the presence of large branches and abundant

foliage, both of which protect the nest from pred-

ators and weather (Tubbs 1974).

The tendency to use northern slopes has also

been noted by Manzi & Pellegrini (1989). These

slopes may provide cooler temperatures and less

sunlight in the nest themselves, and the denser

tree cover on northern slopes may increase protec-

tion for nests. Placement of nests midway up north-

ern slopes, in the tallest trees available, may also

increase the accessibility of nests to both adults and
fledglings saving energy and reducing food de-

mands (Weir & Picozzi 1975). Elevated nests may
also provide vantage points from which hunting ar-

eas can be more easily watched (Tubbs 1974).

Our analysis indicated there were six character-

istics which best described selection of nest trees

by common buzzards: the angle between the nest

tree branch and trunk, the height of the nest tree,

the tree crown volume, the distance of the nest

from the nearest forest edge and timber harvesting

area, and the average trunk spacing. Selection of

taller trees, with denser canopies and larger aver-

age trunk spacing has also been noted by Hubert

(1993).

The proximity of nests to timber harvesting ar-

eas and areas with forest edges suggests that nest

tree selection may also be influenced by the avail-

ability of nearby foraging areas (Tubbs 1974, Pi-

cozzi & Weir 1976, Cramp and Simmons 1980, Je-

drzejewski et al. 1988, Hubert 1993) and their ac-

cessibility to both adult and immature buzzards

(Roche 1977 and Hubert 1993).

Common buzzards apparently use rendezvous

points as social gathering areas to designate terri-

torial boundaries of neighboring pairs (Tubbs

1974). Our analysis showed that in selecting these

areas, common buzzards chose steep slopes that

contribute to the formation of rising air currents

and facilitate high-altitude turns at these meeting

sites (Weir & Picozzi 1975).
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Abstract.—^We examined contaminant levels in tissue samples of sharp-shinned hawks (Accipiter striatus)

collected in the eastern U.S. from 1991-93. We report concentrations of aldrin, cis-nonachlor, p,p'-DDE,

dieldrin, heptachlor epoxide, mirex, oxychlordane, PCB, aluminum, lead, and mercury detected in 23 blood,

10 brain, and 31 liver samples. DDE, PCB’s, and mercury were detected most often and in highest concen-

trations. No contaminants were present at concentrations that might cause mortality with the possible excep-

tion of one individual with high oxychlordane residues in the liver. It is not known, however, at what levels

these contaminants might impair reproduction in sharp-shinned hawks. Migration count data (declining

sharp-shinned hawk numbers in the East, stable in the Midwest) coupled with contaminant data (higher

DDE levels in blood in eastern sharp-shins than in midwestern) do not rule out the possibility that contam-

inants may be impairing reproduction in the eastern population, although our data suggest that this is

unlikely. Further study of contaminant levels in sharp-shinned hawks with concurrent research on their

productivity and on prey availability is necessary. This species also may be an important indicator species for

monitoring contaminant levels because of their high position in the food chain.

Key Words: Accipiter striatus; contaminants^, sharp-shinned hawks

Niveles de contaminantes ambientales en Accipiter striatus en el este de los Estados Unidos

Resumen.—Examinamos niveles de contaminacion en muestras de tejido de Accipiter striatus, colectados

al este de los Estados Unidos durante 1991 y 1993. Reportamos concentraciones de aldrin, “cis-non-

achlor,” PCB, aluminio, plomo y mercurio, detectadas en 23 muestras de sangre, 10 de tejido cerebral

y 31 de higado. Tanto DDE, PCB y mercurio fueron detectados mas a menudo y en altas concentra-

ciones. Sin embargo, no es conocida la concentacion en los que estos contaminantes podrian danar la

reproduccion en individuos de A. striatus. Los datos de conteos migracionales (declinacion del numero
de A. striatus en el este y estabilidad en el medio-oeste) acoplados con datos de contaminantes (niveles

de DDE sangumeos mayores en A. striatus del este que en el medio-oeste), no descartan la posibilidad

de que contaminantes puedan estar danando la reproduccion en poblaciones del Este, aunque nuestros

datos sugieren que esto es improbable. Esta especie puede ser una importante indicadora para moni-

torear niveles de contaminacion, considerando su alto nivel trohco en la cadena alimentaria.

[Traduccion de Ivan Lazo]

Recently, counts of migrant sharp-shinned hawks

{Accipiter striatus) at hawk migration watch sites in

the eastern U.S. have declined, while counts con-

ducted in the Midwest and West have remained

steady or increased (Kerlinger 1992). The coastal

watch site at Cape May, NewJersey began reporting

declines in sharpshin counts about 1986 (Dodge

1992, Kerlinger 1992, Panko 1992). In contrast, the

136
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mountain ridge site at Hawk Mountain Sanctuary

did not note a decrease until 1990 with significant

decreases occurring from 1991—93 (Laura 1992,

Viverette et al. 1996). There is no indication that

changes in timing or numbers of cold fronts were

responsible for the declines. Numbers of sharp-

shinned hawks at Hawk Mountain during the fall

are not correlated with the movement or number
of cold fronts (Allen et al. 1996).

Hawks banded at Cape May and Hawk Mountain

have an 80% overlap in breeding range and nearly

identical wintering ranges in the southeastern U.S.

(Struve and Goodrich 1992, Viverette et al. 1996).

Thus birds counted at the two sites are predomi-

nantly from the same population. Hawk Mountain,

however, records over 60% adult sharp-shinned

hawks during fall migration (Goodrich, unpubl.

data), while Gape May records over 80% juveniles

(Clark 1985). If sharp-shinned hawk populations

were being adversely affected by poor reproduc-

tion, numbers ofjuveniles would decrease first, fol-

lowed by declines in the adult population. Based

on the closely related Eurasian sparrowhawk {Ac-

cipiter nisus) (Newton 1986), it is estimated that

most sharp-shinned hawks may not breed until

their third year (Johnsgard 1990); thus a 3-4 year

delay is expected.

A similar pattern in declining counts occurred

in bald eagles {Haliaeetus leucocephalus) when num-
bers of juveniles declined several years before

counts of adults declined (Bednarz et al. 1990).

Eor eagles, declines resulted because reproduction

was impaired by DDT and other environmental

contaminants. Perhaps contaminant exposure and

impairment of reproduction may explain the re-

duction in sharp-shinned hawk counts at north-

eastern coastal watch sites several years before any

reduction at other inland ridge sites.

Despite the U.S. ban on DDT in the 1970s, rap-

tors continue to be exposed to persistent organo-

chlorine compounds in both the U.S. and Canada

(Court et al. 1990, Peakall et al. 1990, Porter 1993).

Sublethal doses of contaminants in birds can and

do impair reproduction (Peakall 1970). In Newjer-

sey, Steidl et al. (1991) detected DDT-related egg-

shell thinning in nesting osprey (Pandion haliaetus)

during 1985-88 and California’s peregrine falcons

{Falco peregrinus) had high egg levels of DDE
throughout the 1980s (Clark 1990).

Raptors are particularly susceptible to toxic

chemicals that bioaccumulate through each tro-

phic level. Sharp-shinned hawks in particular feed

high on the food chain by preying primarily on
small birds (Storer 1966). Thus, they are an im-

portant species for monitoring bioaccumulation of

contaminants in terrestrial systems (Elliott and

Shutt 1993). Contaminant levels in sharp-shinned

hawks are not well documented, particularly levels

measured during recent years when population de-

clines were observed. Noble and Elliott (1990) re-

ported contaminant levels in eggs of sharp-shinned

hawks collected in eastern Canada in 1980-88. El-

liott and Shutt (1993) reported contaminant levels

for sharp-shinned hawk blood samples collected in

1985-89 from two migration sites (Whitefish Point,

Michigan and Hawk Cliff, Ontario) on the eastern

Great Lakes. Herein, we present results from a

study to examine concentrations of various envi-

ronmental contaminants in blood, brain, and liver

tissues of sharp-shinned hawks from the eastern

U.S.

Study Area and Methods

Blood samples were collected from 21 sharp-shinned

hawks trapped on the Kittatinny Ridge in eastern Penn-
sylvania and at Cape May, New Jersey, during southward
migration September through November 1991 and 1992.

Although trapped with lure traps, they are representative

of healthy, migrating sharp-shinned hawks from the east-

ern U.S. (Powers et al. 1994). Trapping locations are de-

scribed in Clark (1985). Approximately 1 ml of blood was
collected from the jugular or brachial vein with a sterile

needle and syringe and immediately transferred to a hep-

arinized vacutainer. Blood samples immediately were

placed in a cooler with ice and were transported to the

lab each day. Blood samples were centrifuged and the

plasma was separated from the remaining blood com-
ponents with a clean glass pipette. The plasma was placed

into a glass vial with a lid made of inert material (teflon

or aluminum), then frozen for later analysis. The amount
of plasma in each sample varied from 0.01-0.65 g with

most samples near 0.5 g.

Carcasses of 31 sharp-shinned hawks (19 adult, 12 ju-

venile) from the eastern U.S. were obtained throughout
the fall and winter of 1992-93. Carcasses of sharp-

shinned hawks that were killed during collisions with win-

dows or automobiles were collected from rehabilitation

centers. All carcasses were refrigerated and shipped to

Hawk Mountain Sanctuary overnight on dry ice. Liver

and brain tissues were removed for contaminant analyses

All tissue samples were stored in a freezer and shipped

frozen to the analytical laboratory on dry ice.

We analyzed 21 blood, 10 brain, and 31 liver samples

from the eastern population for various compounds in-

cluding aldrin, cis-nonachlor, p,p'-DDE, dieldrin, hep-

tachlor epoxide, mirex, oxychlordane, and PCB (Table

1). We also analyzed samples for aluminum, cadmium,
chromium, lead, mercury, and selenium. Not all samples

were analyzed for each compound or heavy metal. Sam-
ples collected in 1992 and 1993 were tested for contam-

inants at Hazleton Environmental Laboratory in Madi-
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Table 1. Number of samples (N) and values (ppm wet weight) of pesticide and heavy metal compounds analyzed

in sharp-shinned hawk tissues from the eastern U.S., 1991-93. The first line of data for each compound is the number
of samples with detectable levels of the contaminant and the values detected. The second line is the number of

samples with values below the detection limit and the values of the detection limits.

Compounds

Blood Brain Liver

N Values N Values N Values

Aldrin 0 0 0

13 <0.06-<4.00 8 <0.05-<0.71 9 <0.03-<0.08

Cis-nonachlor 0 2 0.40-1.60

2 <0.10-<0.11 8 <0.04-<0.12

p,p'-DDE 16 0.02-0.49 10 0.35-15.00 31 0.17-64.00

5 <0.09-<0.33; <4.0 0 0

Dieldrin 0 0 8 0.10-1.20

23 <0.01-<4.00 10 <0.05-<4.20 11 <0.07-<5.30

Heptachlor epoxide 2 0.01 0 4 0.06-1.10

8 ND=» 2 <0.10-<0.11 6 <0.06-<0.12

Mirex 1 0.01 0 3 0.08-0.22

9 ND 2 <0.10-<0.11 7 <0.04-<0.12

Oxychlordane 4 0.01-0.03 10 0.01-5.21

6 ND 0

PCB 0 9 0.26-24.00 24 0.12-52.00

21 <0.31-<1.70; <20 1 <0.56 2 <0.24-<0.62

t-nonachlor 7 ND
3 0.01-0.02

Aluminum 12 3-476

7 <1.58-<8.53

Cadmium 0

12 <l-<4
Chromium 0

12 <l-<4
Lead 6 0.03-0.14

13 <0.05-<8.0

Mercury 18 0.06-2.19

1 <0.10

Selenium 12 0.53-2.22

0

ND = not detected.

son, Wisconsin. Samples collected in 1991 were tested at

Mississippi State University Chemical Laboratory. Quality

control/quality assurance procedures at both laborato-

ries are approved by the U.S. Fish and Wildlife Service

Patuxent Analytical Control Facility.

For several samples analyzed, particularly blood, con-

taminant levels were below detection limits (Table 1).

When more than half of the samples had levels below the

detection limit, we did not statistically analyze the data.

When the detection limits were fairly consistent and
more than one-half of the samples had detectable values,

we assigned a value equal to one-half of the detection

limit to samples (S. Wiemeyer, pers. comm.).
Data were transformed to common logarithms (logio)

prior to statistical analyses. Transformed data were ana-

lyzed using student t-tests and analysis of variance (ANO-
VA) with PC version 6.4 of the Statistical Analysis System

(SAS) on a microcomputer. The ANOVA model included

year, gender, and an interaction term as independent
variables. We used nontransformed data in Pearson prod-

uct-moment correlations comparing brain and liver levels

within the same individual. The significance level for all

statistical tests was set at P < 0.05. Mean contaminant

levels are presented as the arithmetic mean (:^ and the

geometric mean (GM).

Results and Discussion

p,p'-DDE. Sixteen of 20 (80%) blood samples

analyzed had measurable levels of DDE (Table 1 )

.

ANOVA showed no difference in DDE levels by

gender (F = 0.08, P — 0.79), year (F = 0.13, P =

0.73), or the interaction of gender and year (P =
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Table 2. Concentrations of p,p'DDE (ppm wet weight) in sharp-shinned hawk tissues from the eastern U.S., 1991—93

Age Sex

Blood Brain Liver

N X GM^ Range N X GM“ Range N X GM* Range

Adult 13 0.21 0.16 0.04-0.49 10 6.13 2.48 0.35-15.00 19 9.98 4.56 1.04-64.00

Female 9 0.21 0.16 0.04-0.49 6 5.53 2.33 0.35-14.00 10 13.90 6.37 1.50-64.00

Male 4 0.21 0.19 0.09-0.35 3 9.21 4.87 0.64-15.00 7 6.77 3.95 1.04-21.00

Unknown 1 0.47 2 1.46 1.43 1.20-1.72

Juvenile 7 0.06 0.05 0.02-0.13 12 5.41 2.15 0.17-23.81

Female 5 0.05 0.05 0.02-0.10 5 2.79 1.19 0.17-7.30

Male 2 0.08 0.07 0.04-0.13 6 8.36 4.05 1.30-23.81

Unknown 1 0.89

® GM = geometric mean.

0.99) for adult sharp-shins. Therefore, we com-

bined data for adults and compared DDE levels to

those found in juveniles (Table 2). Adult levels

(GM = 0.16 ppm) were significantly higher than

those of juveniles (GM = 0.05 ppm) {t — 3.32, P
— 0.004). Similarly, Elliott and Shutt (1993) found

that juvenile birds on their first southward migra-

tion had significantly lower blood plasma values of

DDE than adults. They reported about 0.025 ppm
{N — 20) in juvenile samples and about 0.25 ppm
{N — 76) in adult samples collected from sharp-

shins at Whitefish Point and Hawk Cliffon the east-

ern Great Lakes. Both sites are farther inland than

Hawk Mountain but the breeding and wintering

range of sharp-shins trapped at these sites overlaps

at least 50% with ranges of birds traveling past

Cape May and Hawk Mountain (Duncan 1982,

Clark 1985, Struve and Goodrich 1992).

Using the regression equation (DDT in eggs =

6.243 X DDT in blood i developed by Henny
and Meeker (1981), we determined that the geo-

metric mean level of 0.16 ppm DDE in adult

sharpshin blood in our study would result in an

estimated 0.94 ppm in eggs (range = 0.40-2.99

ppm). This is lower than the 6.12-9.17 ug/ml re-

ported by Snyder et al. (1973) from four sharp-

shinned hawk eggs collected in New York and

Pennsylvania and the 5.42-9.12 ppm in three eggs

from eastern Canada reported by Meyer (1987).

Meyer (1987) also reported that shell thicknesses

were 23% below average. Noble and Elliott (1990)

reported levels of 3.5-18.6 ppm (GM = 8.3) in 12

sharp-shinned eggs collected in eastern Canada be-

tween 1980 and 1988.

In our study, estimated egg values of 0.40-2.99

ppm were much lower than those reported for per-

egrine falcons (GM = 10.1 ppm) that showed only

13% eggshell thinning and were reproducing well

(Ambrose et al. 1988). Fyfe et al. (1988) reported

that 1.2-30 ppm DDE in eggs of birds in the genus

Falco can impair reproduction. For Cooper’s hawks

(A. cooperii), Snyder et al. (1973) suggested that

above 3-4 ppm of DDE in eggs was associated with

frequent egg breakage. However, Henny (pers.

comm.) suggested that accipiters can tolerate high-

er levels of DDE than those reported by Snyder et

al. (1973). Thus, our data suggest that DDE is not

impairing sharp-shinned hawk productivity in most

of the individuals tested, although we do not know
if sharp-shinned hawks respond at the same level

of DDE as do these other species of raptors.

We analyzed brain samples from 10 adult sharp-

shinned hawk carcasses recovered in the eastern

U.S. All had detectable levels of DDE (Table 1)

with a GM of 2.48 ppm (Table 2). Sundlof et al.

(1986) reported concentrations of 0.25 and 8.50

ppm of DDE in brain tissue of sharp-shins collect-

ed in Florida in 1974 and 1977. The highest level

detected in our study, 15 ppm, was considerably

lower than lethal levels of brain DDE (213-301

ppm) reported in American kestrels {Falco sparv-

erius) by Porter and Wiemeyer (1972) and Henny
and Meeker (1981).

We analyzed liver samples from 31 sharp-shins

for DDE. The highest concentration of DDE de-

tected was 64 ppm in an adult female. DDE levels

in adult liver samples were not different by gender

(ANOVA: F = 1.66, P = 0.23) or year (ANOVA: F
= 0.001, P — 0.96). Similarly, DDE levels in juvenile

liver tissues were not different by gender (ANOVA:
F = 2.64, P = 0.14) or year (ANOVA: F = 0.54, P
= 0.49). The interaction of gender and year was
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Figure 1. Relationship between eastern sharp-shinned

hawk brain and liver tissue for DDE and PCB contami-

nant levels (ppm)

.

not significant for either adults {P = 0.28) or ju-

veniles {P = 0.11). Therefore, we combined data

and compared levels in adult and juvenile liver tis-

sue. Although the average DDE level was over twice

as high in adult samples (Table 2), the difference

was not significant {t — 1.55, P — 0.13). Small sam-

ple size and high variability among samples likely

explains this lack of significance. Sundlof et al.

(1986) analyzed liver samples from two sharp-shins

collected in Florida in 1971 and 1974. DDE con-

centrations were 0.24 and 2.10 ppm, lower than

those detected in our study.

We obtained 10 brain and liver samples from the

same carcass. DDE levels in the brain showed a

strong and significant correlation to those in the

liver (r = 0.97, P - 0.0001) (Fig. 1).

The minimum level of DDE that affects repro-

duction in sharp-shins is unknown, thus we do not

know if DDE is playing a role in sharp-shinned

hawk declines. The estimated egg DDE levels from

our study are lower than those reported for earlier

years (Snyder et al. 1973, Meyer 1987, Noble and

Elliott 1990). In addition, DDE levels detected in

birds from the eastern flyway (GM = 0.16 ppm)
were higher than those measured in two sharp-

shins trapped at Hawk Ridge, Minnesota (GM =

0.035 ppm) (Andersen et al. 1992), a midwestern

site where sharp-shinned hawks counted on migra-

tion are remaining steady or increasing (Kerlinger

1992). Concurrent studies of contaminant levels

and nesting success in eastern sharp-shinned hawks

are needed to address this question.

Polychlorinated Biphenyls (PCBs). We analyzed

21 blood samples from adult sharp-shinned hawks

for PCBs and none contained detectable levels (Ta-

ble 1). Detection limits for the 11 samples collect-

ed in 1993 ranged from 0.31-1.70 ppm with one

sample having a detection limit of 20 ppm. Detec-

tion limits were high for blood samples due to the

small amount of material available for chemical

analysis.

Nine of 10 brain samples from adult carcasses

collected in the eastern U.S. had detectable levels

of PCBs (Table 1). Values ranged from 0.26-24.00

ppm with a GM of 2.65 ppm (Table 3). Sundlof et

al. (1986) reported 0.05 ppm PCB in brain tissue

from a sharp-shinned hawk collected in Florida.

Heinz et al. (1984) reported >300 ppm in brains

of birds poisoned by PCBs, levels much higher

than those found in our study. Residues in brain

appear to be good indicators of PCB stress in birds

(Stickel et al. 1984). It is not known, however, what

levels of PCBs impair reproduction in sharp-

shinned hawks.

PCBs were detected in 24 of 26 liver samples col-

lected in our study (Table 1) with the highest level

at 52 ppm (Table 3). There was no significant dif-

ference in PCB levels in adults by gender (F =

0.95, P = 0.42), year (F = 0.37, P = 0.56), or the

interaction of gender and year (P = 0.66). Thus,

we combined data and compared PCB levels in

adults and juveniles. Adult levels (GM = 5.08) were

not significantly higher than those in juveniles

(GM = 1.6; t = 1.98, P = 0.06), possibly due to

small sample size and high variability among sam-

ples.

We analyzed 10 brain and liver samples from the

same carcass. PCB levels in brain tissue were highly

correlated with those in liver tissue (r = 0.99, P =

0.0001) (Fig. 1).

PCBs are primarily industrial, not agricultural,

pollutants. Thus, PCB residues in birds tend to be

high in areas with heavy industrial use or discharge

(Fleming et al. 1983, Eisler 1986). Environmental
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Table 3. Concentrations of PCBs (ppm wet weight) in sharp-shinned hawk brain and liver tissues from the eastern

U.S., 1991-93. Results from blood samples were not included because all values were below detection limits.

Age Sex

Brain LrvER

N X GM=^ Range N X GM^ Range

Adult 10 6.35 2.65 0.26-24.00 16 10.30 5.08 0.86-52.00

Female 6 5.22 2.35 0.26-13.00 9 9.35 4.66 0.86-25.00

Male 3 10.50 5.38 1.00-24.00 6 13.24 7.36 2.60-52.00

Unknown 1 0.64 1 1.20

Juvenile 10 5.79 1.61 0.12-35.30

Female 4 2.90 0.95 0.12-9.70

Male 6 7.72 2.27 0.31-35.30

^ GM = geometric mean.

contamination resulted from industrial discharges,

improper disposal of PCB wastes to municipal sew-

age treatment plants or landfills and dumps, and

especially through atmospheric transport of incom-

pletely incinerated PCBs (Eisler 1986). Ereshwater

sediment is a m^or terrestrial reservoir for PCBs
(Eisler 1986). Although the levels of PCBs we
found in sharp-shinned hawks probably are not af-

fecting the health of these birds, they do seem el-

evated for terrestrial birds (L, Shutt, S. Wiemeyer,

pers. comm.).

Other Organochlorine Pesticides. Aldrin was not

detected in any of the samples tested from the east-

ern sharp-shinned hawk population and detection

limits were low (Table 1). Cis-nonachlor was de-

tected in two of 10 liver samples tested. Detection

limits for the eight remaining liver samples and
two brain samples were low. Similarly, heptachlor

epoxide was detected at low levels in four of 10

liver samples and two of 10 blood samples with low

detection limits for the remaining two blood, six

liver, and two brain samples. Mirex was detected in

only three of the 10 liver samples and one blood

sample; detection limits of the remaining samples

were low. Low detection limits of these contami-

nants indicate that they were present only in low

levels, if at all.

All 10 liver samples tested for oxychlordane had

detectable levels ranging from 0.01-0.72 ppm (wet

wt), with one individual at 5.21 ppm. The lethal

hazard zone for brain tissue begins at 5 ppm (Stick-

el et al. 1979). Acute toxicity has occurred in pred-

atory birds at 3-10 ppm in liver (Cooke et al.

1982). Sublethal effects of this chemical are not

known, nor at what levels sublethal effects occur.

Although used widely in the past (Eisler 1990), the

only current legal use of chlordane in the U.S. is

for fire ant control in power plants (Briggs 1992).

Thus, sharp-shinned hawks wintering in the south-

ern U.S. could be exposed to this organochlorine

compound. With the spread of fire ants across the

southern U.S., there is increasing pressure to allow

greater use of chlordane. Sharp-shinned hawks are

an ideal species for monitoring bioaccumulation of

chlordane in terrestrial systems.

Dieldrin was not detected in blood or brain sam-

ples (Table 1). Only 8 of 19 liver samples had de-

tectable levels of dieldrin with a mean of 0.35 ppm
(GM = 0.25 ppm). Detection limits for dieldrin in

brain and liver tissue were sometimes elevated be-

cause the PCB signals peaked in the same area of

the chromatogram interfering with identification

of dieldrin (T. Noltemeyer, Hazleton Environmen-

tal Services, pers. comm.).

Mercury. Mercury was detected in 18 of 19 liver

samples analyzed in this study (Table 1). Mercury

levels in adult liver samples (Table 4) collected in

1991 (GM = 0.98 ppm) were significantly higher

{t = 6.20, P < 0.0001) than those collected in 1993

(GM = 0.12 ppm). The samples from each study

were analyzed by different laboratories; thus, the

difference we saw may be due to differences in

methods or equipment sensitivity of the two labo-

ratories. Both levels of mercury, however, were well

below levels (>20 ppm) of mercury residues found

in tissues of other birds that died of mercury poi-

soning (Einley et al. 1979). In a review of mercury

studies on birds, Ohlendorf (1993) found that <1-

10 ppm of mercury in liver was considered a nor-

mal background level for birds in general, while

>6 ppm was considered toxic.

Other Metals. Aluminum was not detected in



142 Wood et al. VoL. 30, No. 3

any of the 1993 liver samples tested but detection

limits were high. Aluminum was found in the 1991

samples ranging from 3-22 ppm with one sample

at 476 ppm. Selenium was detected at low levels in

12 liver samples analyzed, while cadmium and

chromium were not detected in any of the samples.

Low detection limits for these metals indicate that

they were present in very low levels, if at all.

Lead was detected in six of seven liver samples

collected in 1993 (Table 1) with a mean concen-

tration of 0.07 ppm wet wt (GM = 0.06). The 1991

liver samples had no detectable levels of lead in 12

liver samples; however, detection limits were much
higher than those in 1993 ranging from 2.0—8.0

ppm. Lead levels found in our study likely are not

detrimental to sharp-shinned hawks. Ohlendorf

(1993) reviewed studies that suggested <0.5-5.0

ppm (dry weight) of lead in liver tissues for various

bird species can be considered representative of

background levels.

Summary

DDE, PCBs, and mercury were detected most of-

ten and in highest concentrations in the sharp-

shinned hawks we sampled. No contaminants were

present at concentrations that might cause out-

right mortality with the possible exception of one

individual with high oxychlordane residues in the

liver. Most samples had low concentrations of con-

taminants. It is not known, however, at what levels

these contaminants might impair reproduction in

sharp-shinned hawks. Migration count data (de-

clining sharp-shinned hawk numbers in the East,

stable in the Midwest) coupled with contaminant

data (higher DDE levels in blood in eastern sharp-

shins than in midwestern) do not rule out the pos-

sibility that contaminants may be impairing repro-

duction in some individuals from the eastern pop-

ulation. However, our data are inconclusive regard-

ing effects on the eastern population as a whole

because of a lack of concurrent data on reproduc-

tion and contaminant levels.

Although our data are inconclusive, they suggest

some interesting avenues for further research. Why
does the eastern population of sharp-shinned

hawks have higher contaminant levels than the

midwestern population? How does this terrestrial

bird bioaccumulate PCBs, an aquatic contaminant?

Further, because of a lack of data for contaminant

levels in sharp-shinned hawks, our results provide

comparative data for future monitoring of contam-

inants in these birds.

Elliott and Shutt (1993) postulated that sharp-

shins were exposed to pesticide contaminants on

southern wintering grounds, both in the southern

U.S. and in Central and South America. They
found that juvenile birds left the Canadian breed-

ing grounds with low contaminant levels and re-

turned the next spring with the same levels as

adults. Similarly, we found lower levels in Juveniles

than in adults. Banding data from eastern Great

Lakes sites indicate that part of their sharp-shin

population winters in Latin America, while band-

ing data from the East show that the majority of

sharpshins on the eastern flyway winter in south-

eastern states and rarely leave the continental U.S.

(Clark 1985, Struve and Goodrich 1992).

Pesticide use in Latin America continues to have

a significant effect on bird populations (Rise-

brough 1986) as does use of some pesticides (e.g.,

chlordane) in the U.S. Sharp-shinned hawks feed

mainly on small birds, with neotropical migrants

comprising about a third of the diet (Storer 1966).

Consequently, sharp-shins likely are exposed to

contaminants by consuming contaminated prey

both on their wintering and breeding grounds.

Further study of contaminant levels in sharp-

shinned hawks with concurrent research on prey

availability and productivity is necessary.

Sharp-shinned hawks may be a good indicator

species for monitoring contaminants in terrestrial

systems. Recent pressure to increase use of chlor-

dane for fire ant control in the southern U.S.

makes it essential to monitor for this contaminant.
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Abstract.—In 1990, 24 regions of Canada were searched for nesting peregrine falcons {Falco peregrinus)

.

Within the Ep. anatum range, 233 sites were occupied: 180 in the Northwest Territories (N.W.T.), Yukon,

and Alberta north of 58°N and 32 in southern Canada. The 1990 total of occupied anatum nest sites

was more than double the number found in 1985-86. Ep. tundrius peregrines also increased between

1985—86 and 1990. F.p. pealei peregrines on Langara Island were unchanged, but those along the rest

of the British Columbia (B.C.) coast increased in numbers. Productivity was, high at 1.0-2.9 young per

territorial pair, except at the North Slope of the Yukon and Rankin Inlet. With high natural productivity

and large releases of captive-raised young in Ontario and Alberta, the peregrine recovery should con-

tinue.

Key Words: peregrine falcon-, Ealco peregrinus; populations-, survey-, Canada.

Investigacion Del Halcon Peregrino Canadiense, Ano 1990

Resumen.

—

En 1990, se buscaron los halcones peregrinos {Falco peregrinus) en 24 regiones del Canada.

Dentro del terreno F.p. anatum, 233 sitios fueron ocupados: 180 en los Territorios del Noroeste, el

Yukon, y Alberta mas alia de los 58°N y 32 en el sur del Canada. La suma de los sitios de nidos anatum

ocupados es mas del doble del numero encontrado en 1 985—86. Los peregrinos F.p. tundrius se aumen-

taron entre 1985-86 y 1990. Los peregrinos F.p. pealei mostraron una poblacion estable en lar isla de

Langara pero se aumentaron los que estan a lo largo del resto de la costa de B.C. (La Colombia

Britanica). La productividad es fue, de 1.0 a 2.0 crias por pareja territorial, excepto en North Slope del

Yukon y Rankin Inlet. Dada la alta productividad natural y el gran numero de pajaros criados en cau-

tiverio y puestos en libertad en Ontario y Alberta, la recuperacion del halcon peregrino deberia contin-

uar.

Falcon enthusiasts and professional biologists

conducted peregrine falcon {Falco peregrinus) sur-

veys in Canada prior to 1960 and again in 1964-

65 (Beebe 1960, Enderson 1965, Fyfe 1969). The
1969 Raptor Research Planning Conference at

Cornell University recommended a survey of per-

egrine falcon nest sites in North America every 5

yr, starting in 1970 (Kiff 1988).

Researchers surveyed peregrines in Canada dur-

ing 1970 to determine population trends and pro-

ductivity (Cade and Fyfe 1970) and confirmed the

decline that was discussed at the 1965 Madison Per-

egrine Falcon Conference (Hickey 1969). The
1975 survey further documented declines in the

Arctic and boreal forest peregrine populations,

[Traduccion de Peter Imoro y Barbara Krotki]

both in Canada and the U.S. (Fyfe et al. 1976).

During the last coordinated extensive survey of the

species’ range throughout North America in 1980,

peregrine numbers were reduced but stable in

northern Quebec, Northwest Territories (N.W.T.),

and Yukon. No sites were occupied in the Prairies

and only one pair nested in southern Quebec, the

boreal forest south of 58°N and east of the Rockies

(White et al. 1990). However, nine pairs occupied

nest sites in northern Alberta in boreal forest

north of 58°N.

While northern and west coast peregrine popu-

lations in Canada remained stable or increased in

1985—86, peregrine numbers in the boreal forest

south of 58°N and east of the Rockies remained

145



146 Holroyd and Banasch VoL. 30, No. 3

Table 1. Nest-site occupancy by anatum peregrine falcons in Canada during 1990.

Area

Total

Known
Sites®

Total

Known Sites

Checked

Total

Known
Sites

Occupied

Total

New
Sites**

Total Sites Occupied by

Single

Birds Pairs

Labrador 25 25 20 1 0 21

Bay of Fundy 12 11 7 0 2 5

Southern Quebec 10 10" 10 5 3 12

Southern Ontario 35 23^ 1 2 1 2

Southern Manitoba 1 1 1 1 1 1

Southern Saskatchewan 2 2 2 0 1 1

Alberta south of 58° 60 60 2 1 0 3

Alberta north of 58° 18 18 7 2 0 9

Porcupine River, Yukon 34 34 30 6 ND" 36

Peel River, Yukon 31 31 12 2 ND 14

Yukon River, Yukon 36 36 27 6 ND 33

Southern Lakes, Yukon 3 3 0 0 0 0

Mackenzie Valley, N.W.T. 107 107 81 7 0 88

® Known refers to all sites known before 1990.

^ New refers to all sites found in 1990.

Plus 135 potential nest sites checked.

Plus 121 potential nest sites checked.

ND = Not determined.

low at eight occupied sites. Six of these eight sites

were in cities (Murphy 1990).

Wildlife agencies continued to monitor known
nest sites and found new occupied sites since the

1985—86 survey, especially in southern Quebec, Bay

of Fundy, northern Alherta, and in cities. More ex-

tensive surveys on the Labrador coast identified a

significant breeding population (Lemon and Brazil

1990, J. Brazil, pers. comm.). Here, we present the

results of the 1990 Canadian peregrine falcon sur-

vey and summarize the 5 yr surveys in Canada as

well as results from 1965—66 (Hickey 1969).

Methods

Remote areas in the Arctic and Labrador were sur-

veyed with helicopters and fixed-wing aircraft. Areas
more easily accessible were surveyed by foot and vehicle.

Boats and canoes were used to survey some lakes and
rivers.

Terminology was a major obstacle to the interpretation

of earlier peregrine surveys. We followed Murphy’s

(1990) definitions of “nest site,” the actual site of the

nest; “occupied nest site,” a nest site where one or two
territorial adults were present; “breeding pair,” a pair

that laid at least one egg; “successful pair,” a pair that

raised at least one chick to fledging or assumed to have
fledged; and “territorial pair,” a pair that defended its

nesting cliff against other peregrines (Ratcliffe 1980).

Most young were counted at 2-4 wk of age and not at

fledging. We continued to use the term “historic site” to

provide an indication of the intensity of survey effort;

however, historic sites are designated as “known” in the

tables and represent any sites used prior to 1990.

Single birds are reported separately from pairs since

their breeding status was unknown, especially after one
survey. Following terminology of Brown (1974) and Pos-

tupalsky (1974), we present productivity as the number
of young per territorial pair and per successful pair.

The reported number of young or eggs typically re-

flects the results of a single nest visit regardless of the

stage of development of the young. In Labrador and the

N.W.T., nest visits coincided with or were near hatching

time so only young chicks were encountered and early

failed nesters may have been missed. Such single visits,

well before fledging, would obviously overestimate pro-

ductivity (Ellis 1988). In Ungava Bay and Langara Island,

nests were visited and chicks banded when they were 20—

30 d old. In the Bay of Fundy, southern Quebec, Ontario,

Manitoba, Alberta, N.W.T., and parts of the Yukon, nests

were visited several times but, often not as late (nestlings

35 d of age) as recommended by Ellis (1988). Therefore,

the estimates of young fledged, and hence productivity,

are more accurate for these latter sites.

Since a comparable number of sites were surveyed with

similar effort as in the previous 5 yr surveys, we compiled
population numbers and productivity data for most
regions from Enderson (1969), Hickey (1969), Cade and
Fyfe (1970), Fyfe et al. (1976), Court et al. (1988),Munro
and Van Drimmelen (1988), Murphy (1990), and White
et al. (1990).

Results

The 1990 surveys covered 24 regions of Canada
(Tables 1-4), including some regions not surveyed
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Table 2. Nest-site occupancy by tundrius and pealei peregrine falcons in Canada during 1990.

Total Total

Total

Known Total
Total Sites Occupied by

Known Known Sites Sites New Single

Area Sites Checked Occupied Sites Birds Pairs

tundrius

Ungava Bay, Quebec 58 58 31 3 0 34

North Slope, Yukon 17 17 1 0 1 0

Rankin Inlet, N.W.T. 26 26 26 0 0 26

pealei

Langara Island, B.C. 7 7 7 0 0 7

Queen Charlotte Islands, B.C. 144 129 71a 0 6 53

Vancouver &: Gulf Islands, B.C.^ 39 33 17 1 11 7

“ Includes 15 sites estimated by extrapolation to unsurveyed areas plus a correction for detection error due to difficulties of gunfire-

from-boat survey method on ocean. Not included are 17 singles that showed no defensive behavior or attachment to a site.

Includes 1991 Gulf Islands data because of inadequate survey in 1990.

previously. A total of 631 of 665 (95%) historical

peregrine sites were checked for occupancy. A total

of 233 sites were occupied within the anatum range

with the majority (77%) in the N.W.T., the Yukon,

and Alberta north of 58°N. Throughout Canada,

productivity was 1.0 or more young per territorial

pair and as high as 2.9 young, with the exception

of Rankin Inlet and the North Slope (Table 6).

Labrador Coast—J. Brazil, Newfoundland and

Labrador Wildlife Division. From Cape Chidley in

the north to Table Bay in the south, 25 known nest

sites were checked at least once on either 18-19

June or 7-12 July (Table 1). Some sites were visited

incidentally on 28 May, 15 July and 7 August. The
Kogaluk River was also surveyed on 8 July, where

one new site was located.

Twenty-one sites were occupied, two were unoc-

cupied, and the occupancy at three sites was un-

certain. Fifteen of the 21 occupied sites had eggs,

young, or both. Nest contents were determined at

Table 3. Productivity of anatum peregrine falcons in Canada during 1990.

Area

Territorial

Pairs

Successful

Pairs

Total

Young^

Average

Young/
Territorial

Pair

Average

Young/
Successful

Pair

Labrador 21 13 26^^ 2.6" 3.3<i

Bay of Fundy 5 3 6 1.2 2.0

Southern Quebec 12 9 17 1.4 1.9

Southern Ontario 2 2 4 2.0 2.0

Southern Manitoba 1 1 2 2.0 2.0

Southern Saskatchewan 1 1 1 1.0 1.0

Alberta south of 58° 3 2 3 1.0 1.5

Alberta north of 58° 9" 5 13 1.4 2.6

Porcupine River, Yukon 3Qf 18 50 1.7 2.8

Peel River, Yukon 12^ 9 29 2.4 3.2

Yukon River, Yukon 27f 19 46 1.7 2.4

Mackenzie Valley, N.W.T. 88 70 182 2.1 2.6

^ Captive-raised young omitted.

Includes only young from pairs where number of young were determined (N — 8)

.

Calculation includes only pairs where number of young and eggs were determined {N = 10).

Calculation includes only pairs where number of young were determined {N = 8).

® Includes one pair in the adjacent N.W.T.

^ Production of new pairs unavailable.
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Table 4. Productivity of tundrius and peaki peregrine falcons in Canada during 1990.

Area

Territorial

Pairs

Successful

Pairs

Total
Young

Average

Young/
Territorial

Pair

Average

Young/

Successful

Pair

tundrius

Ungava Bay, Quebec 34 32 100 2.9 3.1

North Slope, Yukon 0 0 0 0 0

Rankin Inlet, N.W.T. 26 8 20 0.8 2.5

pealei

Langara Island, B.C. 7 5 14 2.0 2.8

Table 5. Total occupied peregrine falcon nest sites found in selected regions of Canada from 1965-66 to 1990

Number in parentheses indicates pairs present.

Area 1965-66 1970 1975 1980 1985-86 1990

anatum

Labrador 0 2 (2) 0 ND 2 (2) 21 (21)

Bay of Fundy ND^ (2) 0 0 0 1 (1) 7(5)

Southern Quebec ND (2) 0 ND 1 (1) 1 (1) 15 (12)

Ontario 0 0 0 0 1 (0) 3(2)

Manitoba ND ND ND 0 1 (1) 2(1)

Saskatchewan ND 0 ND 0 2(1)*’ 2(1)

Alberta south of 58° 8(6) 1 (1) 0 0 2(2) 3(3)

Alberta north of 58° ND (4) 2 (1) 3(3) 9(9) 6(5) 9(9)

Porcupine River, Yukon ND ND 8(8) 16 (13) 14(11) 36 (ND)

Peel River, Yukon ND ND ND 18 (12) 12 (10) 14 (ND)

Yukon River, Yukon ND 6(5) 6(5) 12 (10) 22 (18) 33 (ND)

Mackenzie Valley, N.W.T. 14 (ND) 9(6) 24 (21) 20 (15) 45 (ND) 88 (77)

tundrius

Ungava Bay, Quebec ND 12 (9) 11 (9) 10 (10) 23 (23) 34 (34)

North Slope, Yukon ND ND 5(5) 2(0) 0 1 (0)

Rankin Inlet, N.W.T. ND ND ND 8(8) 26 (ND) 26 (26)

pealei

Langara Island, B.C. 9(6) 6(5) 6(6) 6(6) 6(5) 7(7)

Queen Charlotte Islands,

B.C." 76 (55) 56 (46) 60 (51) 73 (58) 50 (ND) 64 (53)

Vancouver and Gulf

Islands, B.C. ND ND ND 5 (4)^ 13 (10)" fT'00

* ND = Not determined.

’’ (1) refers to male peregrine mated with female prairie falcon.

First number is an estimate of occupied sites which includes pairs, singles defending/attached to sites plus, except in 1965—66, an

extrapolation to unsurveyed areas based on results of other surveys. A correction for detection error is not included.

Only Gulf Islands data.

^ Includes one site from Triangle Island (not surveyed)

.

f Excludes Triangle Island.
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Table 6. Productivity of peregrine falcons found in selected regions of Canada surveyed every 5 years from 1970-

1990. Productivity data indicate average young per successful pair, and in parentheses, average young per territorial

pair.

Area 1970 1975 1980 1985-86 1990

anatum

Labrador 2.0 (2.0) 0 ND 3.0 (1.5) 3.3 (2.6)

Bay of Fundy 0 0 0 0 2.0 (1.2)

Southern Quebec 0 ND“ 2.0 (2.0) 0 1.9 (1.4)

Ontario 0 0 0 0 2.0 (1.3)

Manitoba ND ND 0 0 2.0 (1.0)

Saskatchewan 0 ND 0 0 1.0 (0.5)

Alberta south of 58° 3.0 (1.5) 0 0 2.0 (2.0) 1.5 (1.0)

Alberta north of 58° 0 0 3.2 (2.1) 0 2.6 (1.4)

Porcupine River, Yukon ND ND 1.7 (1.2) 2.6 (2.0) 2.8 (1.7)

Peel River, Yukon ND ND 0 2.3 (1.9) 3.2 (2.4)

Yukon River, Yukon 2.0 (2.0) 1.0 (0.4) 2.2 (1.3) 2.8 (2.2) 2.4 (1.7)

Mackenzie Valley, N.W.T. 2.3 (1.4) 1.3 (0.9) 2.0 (1.5) 2.1 (1.7) 2.6 (2.1)

tundrius

Ungava Bay, Quebec 1.7 (1.3) 1.8 (1.8) 2.7 (2.7) 3.2 (2.7) 3.1 (2.9)

North Slope, Yukon ND ND 0 0 0

Rankin Inlet, N.W.T. ND ND 3.3 (2.9) 1.8 (0.6) 2.5 (0.8)

peaki

Langara Island, B.C. 2.2 (2.2) 2.4 (2.0) 2.2 (2.2) 2.0 (1.6) 2.8 (2.0)

Queen Charlotte Islands,

B.C. 2.5*' (ND) 3.2° (ND) 2.5 (2.1) ND ND
Vancouver and Gulf

Islands, B.C. ND ND ND ND ND
® ND = Not determined.

'’Young per 11 successful pairs (Munro and Van Drimmelen 1988).

Young plus 2 pipping eggs per 5 successful pairs (Munro and Van Drimmelen 1988).

10 nests; eight nests contained 26 young and two

nests contained four eggs each.

These surveys indicated a reoccupancy rate of

80%, which is likely an underestimate because

some females may not have flushed and went un-

detected. For example, the nest at Cape Kakkiviak

appeared unoccupied in mid-June but contained

young during the second week ofJuly. Conversely,

a nest at Little South Wolf Island, occupied in late

May, was abandoned by July.

Bay of Fundy—B. Johnson, Canadian Wildlife

Service. In New Brunswick, 11 of 12 known nest

sites along the Fundy coast, from the lower end of

the Bay at Grand Manan to the upper Bay near

Sackville, were surveyed on 4 July. In addition, sev-

en cliffs in the lower Saint John River system were

also checked because peregrines had been report-

ed nearby. Fundy National Park staff surveyed all

of the park’s coastline. In Nova Scotia, Five Islands

was visited on 2 June but lie Haute was not

checked. The Minas Channel and Basin, from

Cape Split near Blomidon, were checked on 5 and

18 July.

Five pairs nested in the Bay of Fundy, New
Brunswick (Table 1). Three pairs hatched three

young each but only one pair fledged three, an-

other pair fledged two, and the last pair fledged

one. Although no pairs were confirmed in Nova
Scotia, a single immature bird was seen adjacent to

the historic nest site near Cape d’Or. Another sin-

gle male (“6N2”), a 1983 Cape d’Or release, oc-

cupied the Blomidon release site from June
through August.

Ungava Bay, Quebec—D. Bird, Avian Science

and Conservation Centre of McGill University. On
28 and 31 July-2 August, 61 known nest sites were

surveyed including three new sites along the Kok-

soak River, Leaf Bay and the Payne River basins.
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Pairs occupied 34 cliffs and 32 sites produced 100

nestlings for an average of 3.1 young per successful

pair (Table 4).

These peregrines are subject to human distur-

bance. One breeding female was shot on Basking

Island across from the Payne River setdement. One
dead hatchling and an unhatched egg were in the

scrape; the male was still present but nondefensive.

Occasionally, young were taken as pets by Inuit

children along the Koksoak River but the devel-

opment of “cottages” along this river poses a great-

er threat to the nesting peregrines.

Hudson Bay Coast, Quebec—^R. Perrault and F.

Morneau, Hydro Quebec. Between 10-20 July, no

occupied peregrine nest sites were found during

surveys of the Hudson Bay coast west of the Coats

River, inland from the mouth of the Grande Rivi-

ere de la Baleine and the Petite Riviere de la Bal-

eine, the islands in the Strait of Manitounuk, part

of the Islands of Nastapoka, west of Lake Guil-

laume Delisle, and the mouth of the Nastapoka

River. However, later that summer, three birds were

seen in the Strait of Manitounuk as well as one

adult and two juveniles at Lake Guillaume Delisle

indicating that at least one unknown pair success-

fully raised young in the area.

Southern Quebec—M. Lepage, Quebec Minis-

tere du Loisir, de la Chasse et Peche. All 10 known
and 135 potential peregrine nest sites were visited

repeatedly by B. Blais and Y. Pinsonneault from 16

May-11 July. Of 12 territorial pairs, nine fledged

1 7 wild young and five captive-raised young. Three

pairs nested in cities (Table 3),

Southern Ontario—I. Bowman, Ontario Wildlife

Branch. Between 24 April-13 July, 23 of 35 known
sites and 121 potential nest sites were visited. Ob-

servations occurred at each site for about 1 hr.

Pairs occupied two sites; one site had been occu-

pied annually since 1986 and the second site was

only 10 km away. A single adult occupied the third

site. All adults were unbanded and limited repro-

ductive data were collected indicating 2.0 young
per territorial pair (Table 3). An unconfirmed re-

port exists of nesting peregrines in another area.

Manitoba—R. Nero, Manitoba Wildlife Branch.

J. and P. Duncan conducted an aerial survey of

3438 km of the Hayes, God’s, Nelson, Seal, and

Churchill rivers, the Hudson Bay coast between the

Churchill and Seal Rivers, and the coast by York

Factory, from 12-14, 17, and 22 July and 2 August.

This survey coincided with the late nestling period

and any early failed nesting attempts were missed.

No peregrines were sighted but 33 suitable cliff

sites were documented.

The only pair of peregrines in southern Mani-

toba fledged two young in Winnipeg. In addition,

a male (“IX”), from the 1989 Winnipeg nesting,

occupied a territory at the University of Manitoba

in Winnipeg after mid-May.

Southern Saskatchewan—L. Oliphant, Saskatch-

ewan Cooperative Falcon Project. Between 7 May-

15 June, the South Saskatchewan River from the

Alberta border to the Qu’Appelle Dam was sur-

veyed but no peregrines were found. An adult male

peregrine occupied a territory at Snake Bite Cou-

lee and courted a female prairie falcon {Falco mex-

icanus) in April. This male also courted a female

peregrine flown by a falconer.

One pair of peregrines nested in Saskatoon and
fledged three young, two of which were captive-

raised (Table 3). Single peregrines were observed

in Regina but were presumed to be on passage be-

cause none stayed past the end of May.

Alberta South of 58®N—S. Brechtel, Alberta Fish

and Wildlife Services. All known nest sites in south-

ern Alberta (Court 1993) along the Red Deer, Old-

man, Bow, and Milk rivers and some cliffs in the

foothills were surveyed. No occupied nor new per-

egrine nest sites were located. Insufficient re-

sources precluded complete coverage of the foot-

hills region.

Two pairs nested in Edmonton and Calgary. The
Edmonton pair laid five eggs, two of which were

crushed in the nest. The remaining three eggs

were artificially incubated and replaced with two

captive-raised young, one of which was injured at

fledging. An additional nonbreeding pair spent

much of the summer in southern Edmonton. The
Calgary pair laid four eggs, hatched three young,

and fledged two.

Another pair was reported west of Calgary, but

efforts to confirm its presence were unsuccessful.

Therefore, this report was treated as an uncon-

firmed territorial pair pending further surveys be-

cause of its proximity to a confirmed 1989 nest site

that was unoccupied in 1990.

Alberta North of 58®N—D. Moore, Alberta Fish

and Wildlife Services and J. Dixon, Canadian Parks

Service. In and near Wood Buffalo National Park

during May-June, nine territorial pairs were locat-

ed. Seven pairs were at known sites and two at new
sites. Four nests were outside the park: one in the

N.W.T. and three on Lake Athabasca. Each pair

laid four eggs and 25 young hatched (69%). Ten
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captive-raised young from Canadian Wildlife Ser-

vice, Wainwright, were used to increase brood sizes

to four young. Twenty young fledged for an aver-

age of 1.4 young per territorial and 2.6 young per

successful pair. Four nests failed to fledge young.

Three were depredated and one cavity collapsed

killing three young.

Yukon Territory—D. Mossop and G. Mowat, Yu-

kon Department of Natural Resources. Five sub-

populations of peregrine falcons are recognized in

the territory. Although the fidelity of peregrines to

former nest sites is recognized, all habitat between

established pairs was surveyed. Most sites were vis-

ited only once during the brood rearing period;

however, the Yukon River group was visited repeat-

edly from incubation through late brood-rearing to

maximize the likelihood of determining the pres-

ence of newly established and unsuccessful pairs.

Peregrines occupying the Yukon North Slope are

considered F.p. tundrius (Mossop 1988). In the late

1970s, this population experienced a steep decline

and the last productive pair was observed in 1979

(Mossop and Ryder 1980) . Annual visits continued

since 1979 and the first breeding pair with three

eggs was located in 1989 at a site occupied in 1979.

A single adult occupied this site in 1990.

In the far northern edge of the boreal forest in

the Porcupine River drainage, birds identified as

belonging to the interior race or anatum (Mossop

1988) declined in the late 1960s and early 1970s.

The remnant population showed the first docu-

mented recovery in the northwest (Hayes and Mos-

sop 1982) . In 1990, we surveyed 34 known sites and

located six new sites (Table 1). Reoccupancy was

estimated to be 88% and 60% of all known sites

produced young. All six new pairs were also pro-

ductive (Tables 1 and 3). The population is now at

its known pre-decline density and apparently still

expanding.

In the northeast portion of the boreal forest re-

gion in the Peel River drainage and probably com-

municating directly with the Mackenzie Valley pop-

ulation, there is a subpopulation that declined in

the 1960s. Its recovery has been relatively slow and
Its productivity has been low compared to the oth-

er anatum subpopulations in the central and north-

central portion of the territory (Mossop and Baird

1985).

Only one small segment of this drainage, near

the Dempster highway, has been monitored an-

nually. In 1989, we conducted a major survey which

gave the data on the current status when combined

with the 1990 survey. Adult peregrines occupied

39% of known sites; 75% of pairs at known sites

produced young (Tables 1 and 3). Two new pairs

were productive. This population is likely at its pre-

decline density and is still expanding.

The longest-known subpopulation of peregrines

in the Yukon River drainage, that communicates
directly with the Alaska Yukon River basin subpop-

ulation, declined through the early 1970s, and by

1978 contained only one occupied nest site. It has

exhibited a strong and sustained recovery since

that time (Mossop and Baird 1985). In 1990, we
resurveyed 36 known sites and found six new sites

(Table 1). Peregrines occupied 27 (75%) known
sites, with 19 (70%) pairs producing young (Tables

1 and 3). Five new sites were also productive. The
population is at least as large as it was originally

and continues to expand.

The Southern Lakes area, which includes the

large lakes of the southern Yukon, is assumed to

be a continuation of the interior habitats of B.C.

It was not monitored regularly and the few known
breeders disappeared in the 1970s. The three

known historic sites remained unoccupied in 1990.

Until a more extensive survey is conducted, this

group must be considered locally extirpated.

Mackenzie VaUey, N.W.T.—C. Shank, N.W.T.

Wildlife Management Division. The 1990 survey

covered the Mackenzie Valley from 80 km up-

stream of Fort Norman to Inuvik. K. Hodson sur-

veyed the Mackenzie River from 15-26 July. L.

Wakelyn and S. Matthews of the Department of Re-

newable Resources and R. Owens of Foothill Pipe

Lines Ltd. surveyed peregrine sites in habitat ad-

jacent to the Mackenzie River from 8-12 June and

flew a productivity survey from 14-18 July. A total

of 107 known nest sites were surveyed and seven

new sites were found (Table 1). Of the known sites,

81 (76%) were reoccupied. Productivity (2.1 young
per territorial pair and 2.6 young per successful

pair) was the highest recorded for the Mackenzie

Valley to date (Tables 3 and 6). Occupancy and

productivity of Mackenzie Valley peregrines im-

proved significantly during the last decade.

Central Arctic Coast, N.W.T,—C. Shank, N.W.T.

Wildhfe Management Division. During 1-3 July, ap-

proximately 4000 km^ near Coppermine were sur-

veyed by L. Wakelyn, A. Gunn and C. Shank. Oc-

cupancy by at least one adult was noted at 61 nest

sites. Mean clutch size was 3.4 (N = 23) and mean
brood size was 2.4 (N = 5).

C. Shank surveyed approximately 2000 km^ east
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of Bathurst Inlet between 11-17 July. Single adults

were seen at 34 nest sites but eggs and young were

counted in only few nests. These populations in-

creased dramatically in the past 7-8 yr (Shank et

al. 1993).

Belcher Islands, N.W.T.—J. Nishi, University of

Alberta. Cade and Fyfe (1970) reported nesting

peregrines on the Belcher Islands during the 1940s

and 1950s, but researchers failed to locate pere-

grines on the adjacent mainland during the 1975

survey (Fyfe et al. 1976). During 1990, while con-

ducting surveys of plant communities, approxi-

mately 20% of the land area of the Belcher Islands

was searched from 15 June-10 August. The survey

was not systematic nor was it structured to search

for peregrine falcons. Nevertheless, three occupied

peregrine nest sites were found. Two nests found

on 18 July were on 30 m cliffs on isolated rock

islands and the third nest containing three young

was found on 1 August on an accessible rock ledge

on a large rocky bluff. Local Inuit hunters knew of

the first two nests and said they saw falcons occa-

sionally during summer.

Rankin Inlet, N.W.T.—^T. Duncan and M. Brad-

ley, University of Saskatchewan. Nest sites were sur-

veyed from 15 May-15 August within 20 km of Ran-

kin Inlet as part of an ongoing, intensive popula-

tion study initiated in 1981. Pairs occupied 26 nest

sites and only 19 pairs laid 64 eggs. Thirty-nine

young hatched and at least 20 fledged from eight

nests.

Laying dates and weather conditions indicated

that weather did not delay the 1990 breeding sea-

son. However, a three-day rain during late July

strongly affected the 1990 production. Only 20 of

the approximately 39 young hatched survived this

storm. Weather appears to be a major factor lim-

iting productivity at Rankin Inlet during at least

three of nine years of the study, two of which were

successive national peregrine surveys (Bradley

1989, Court et al. 1988).

Frobisher Bay, N.W.T.—C. Shank, N.W.T. WUd-
life Management Division. L. Wakelyn and P. Kila-

buk surveyed Frobisher Bay as far south as Wiswell

Inlet and Newell Sound on 5-7 July. Thirty-two per-

egrine nest sites were checked, some of which may
be alternate nest sites. Single birds and pairs oc-

cupied 11 nests. Since females were still incubat-

ing, no attempt was made to count eggs.

Thelon Wildlife Sanctuary, N.W.T.—C. Shank,

N.W.T. Wildlife Management Division. During two

surveys of known nest sites, 25 sites were found to

be occupied. Mean clutch size was 3.0 {N = 8) and

the mean brood size was 3.3 {N = 9). Each nest

was visited only once during July or August.

Nahanni National Park Reserve, N.W.T.—S.

Meggs, Canadian Parks Service. The First Canyon
area along the South Nahanni River was surveyed

on 29 May. The cliffs from Dry Canyon to Yohin

Lake were surveyed twice, once along the rim and

then at a lower elevation approximately halfway

down the canyon walls. We saw no peregrines nor

did any park staff or visitors. In 1985, two pairs of

peregrines were observed in the park but were not

reported in Murphy (1990). In July 1985, a pair

with one young was seen at a cliff nest in First Can-

yon and in August 1985 another pair with three

young was seen approximately 8 km southeast of

the first pair.

Langara Island, B.C.—^R.W. Nelson, Camrose,

Alberta. All seven known peregrine nest sites on
Langara Island, the northwestern island of the

Queen Charlotte Islands, were surveyed from 6-15

June. Seven territorial pairs were found but two

had no eggs or young. The five successful pairs

produced 14 nestlings, slightly above average for

the island (Nelson 1990).

Queen Charlotte, Vancouver and Gulf Islands,

B.C.—W.T. Munro, B.C. Wildlife Branch. Coastal

populations of Ep. pealei in B.C. were surveyed on
the Queen Charlotte Islands from 21 May-1 June.

A total of 59 occupied territories were found. By

adding the unsurveyed portion, the number of oc-

cupied territories was estimated to be 71.

There were an estimated 10 occupied territories

on northern Vancouver Island from a 17 June sur-

vey; a single bird also flew from a possible new site.

Triangle Island was not checked in 1990 but in

1989 it had seven occupied territories. On the Gulf

Islands, three known nest sites were found occu-

pied during a 1 5 June survey, but a minimum of

four sites were assumed occupied because another

site appeared to be occupied. This survey was con-

sidered incomplete and therefore was repeated in

1991. In 1991 the Gulf Islands shorelines were sur-

veyed on 27-28 May and more inland sites were

surveyed on 4 June. The combined 1991 surveys

resulted in the location of seven occupied nests.

Discussion

The Anatum Peregrine Falcon Team cdordinated

the 1990 survey and selected target areas to search

for nesting peregrines. The team’s objective was to

resurvey known areas with an effort similar to that
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used in previous 5 yr surveys. The approach taken

was to survey historic sites within the anatum per-

egrine range every 5 yr and to encourage annual

surveys and more detailed monitoring of selected

populations (Erickson et al. 1988). In the Arctic,

inadequate resources precluded the resurveying of

all areas surveyed between 1970-80. Also, the tun-

dnus subspecies had increased in most areas that

were being monitored annually, so the need for

extensive surveys was not as great (Bromley 1991).

Other major gaps in the 1990 survey were in cen-

tral Quebec, northern Ontario and Saskatchewan,

and interior B.C.

The number of occupied anatum nest sites in-

creased in most regions of Canada from 1985—86

to 1990 and was higher than at any other time.

However, peregrine numbers increased substan-

tially along the Porcupine and Yukon rivers and
increased slightly along the Peel River. These in-

creases in the north reflected the improved repro-

duction and survival of peregrines after the ban of

DDT in North America and a decline of DDE in

the prey of peregrines (Peakall et al. 1990). Counts

in the Mackenzie Valley, Rankin Inlet, and central

Yukon were also higher than in previous counts

but these increases may be a product of increased

survey effort. Likewise, on the Labrador coast and

Ungava Bay, population increases since 1985 were

most likely due to more intensive survey work

(Lemon and Brazil 1990). The northern Alberta

and Wood Buffalo National Park population has

shown a gradual increase, which is expected be-

cause of some human assistance through the pro-

vision of additional young.

Peregrines have failed to reoccupy the southern

Yukon. Given this increase in peregrine numbers
in the Yukon, adjacent Alaska (Ambrose et al.

1988), and N.W.T., repopulation is expected to oc-

cur naturally.

Peregrine falcon populations in southern Cana-

da appeared to be recovering. In 1990, 17 pairs

nested in southern Quebec and New Brunswick,

up from two pairs in 1985 (Murphy 1990). Two
pairs nested in southern Ontario and five pairs

nested on the Prairies, all in cities. This recovery

was due to the release of large numbers of captive-

raised young (Holroyd and Banasch 1990). All per-

egrine pairs that nested on the Prairies in 1990

were in cities and the number of pairs increased

from four to five since 1985 (Murphy 1990). In

Quebec and Bay of Fundy, a dramatic population

increase occurred because of large releases of cap-

tive-raised young, but in Ontario the recovery was

slower. The scarcity of occupied peregrine nest

sites in Ontario fails to reflect the large number of

released captive-raised young. Releases occurred at

widely scattered locations from Ottawa to Thunder
Bay from 1977-90 (Holroyd and Banasch 1990).

Apparently, many single falcons returned but never

mated and others returned, but to Quebec City,

Boston, Toledo, and Winnipeg.

Population trends of tundrius were not as clear

because of the lack of detailed population data pri-

or to 1980. The increases noted in the number of

territorial pairs in the Rankin Inlet population

from 1980-85 were primarily the result of more
intensive surveys.

Intensive annual monitoring of Langara Island’s

pealei peregrines has shown a stable population

with healthy reproduction since 1968 (Nelson

1990) and the population appears to be at capacity

in view of the once plentiful but now diminished

food supply (Nelson and Myres 1975). Extensive 5

yr surveys of the Queen Charlotte, Vancouver, and
Gulf Islands indicate a stable population on the

B.C. coast.

The objective of the Anatum Peregrine Falcon

Recovery Plan is 10 breeding pairs in six of nine

management zones by 1992. This goal was reached

in three zones: southern Quebec-New Brunswick-

Nova Scotia-Prince Edward Island, the Yukon and
the Mackenzie Valley. In southern Ontario and the

Prairies, the goal of 10 pairs was partly achieved.

The number of pairs is unknown in central Que-

bec, northern Ontario and interior B.C.

Although peregrines showed stable population

numbers prior to the DDT era (Hickey 1969), post-

DDT populations increased along with the release

of captive-raised young and declining DDT levels.

In Canada, southern populations reestablished and
increased due to the introduction of captive-raised

young while northern populations increased with

little human intervention and because of lower

DDT levels. When annual population growth rates

were calculated between 1980, 1985, and 1990, a

general pattern emerged. In the north, popula-

tions increased annually by 13% in Ungava, 16%
in Mackenzie Valley, and 7% in the Yukon. In the

south, the populations increased by 72% in south-

ern Quebec and 50% in New Brunswick and Nova
Scotia from 1985-90. Thus, populations in certain

areas of large releases of captive-raised young in-

creased by 50% or more per year, while popula-

tions where few or no releases occurred grew at
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16% or less per year. These figures paralleled the

number of peregrines in the eastern U.S. which

increased at 26% per year with releases and were

projected to increase at up to 5% per year without

(Grier and Barclay 1988).

The observed productivity of the nesting pairs in

most areas was adequate to support continued in-

creases across the range of the peregrine. Newton

(1979) stated that stable peregrine populations

produced 1.0-1.5 young per nesting pair per year

on average. Grier and Barclay (1988) projected

that with an average production of 2.5 young per

year per successful pair and 66% of nesting pairs

being successful (1.68 young per territorial pair

per year and no supplemental young), that the

eastern U.S. peregrine population would increase

at the rate of 0.3-4.5% per year. In 1990, the per-

egrines surveyed in Canada produced greater than

1.5 wild young per territorial pair except in the Bay

of Fundy, southern Quebec, southern Saskatche-

wan, Alberta south of 58°N, the North Slope and

Rankin Inlet.

Although productivity is only one part of any

population model and does not itself indicate a

population increase (Grier 1979), the consistency

of productivity over 1.5 young per territorial pair

per year indicates that peregrines throughout

much of Canada produced at a rate that should

sustain or increase their numbers where they occur

in sufficient density. In Ontario and on the Prai-

ries, where the number of pairs is low or the re-

covery slow, the risk of extirpation from stochastic

events indicate a need for the continued release of

captive-raised young. In addition, five nesting pairs

and six of seven occupied nest sites on the Prairies

in 1990 were in cities, not on prairie cliffs.

Nisbet (1988) and Peakall (1990) commented
on the relative lack of success of the release pro-

gram in Canada compared to the eastern U.S.

However, they based their comparisons on the

number of pairs in 1985, not single birds, which

were more numerous than paired birds in the ar-

eas of release in southern Canada (Holroyd and

Banasch 1990). Also, the number of pairs and sin-

gles more than doubled through 1988 (Holroyd

and Banasch 1990) and doubled again by 1990.

The return rates for captive-raised released young

falcons are lower in Canada than in the U.S. (Hol-

royd and Banasch 1990). The establishment by

1990 of 19 pairs and six single falcons in south-

eastern Canada and five pairs and two singles in

the Prairies indicates that breeding pairs were suc-

cessfully established in most areas of releases.

Throughout Canada, productivity was 1.0 or

more young per territorial pair and as high as 2.9

young, with the exception of Rankin Inlet and the

North Slope. Low productivity at Rankin Inlet was

due to a single rainstorm and did not reflect pro-

duction in recent years (Court et al. 1988). A single

adult occupied a nest site in the North Slope.

Court et al. (1988) criticized 5 yr surveys as too

infrequent to accurately monitor population

changes in most populations north of 60°N be-

cause low production and a decrease in the num-
ber of successful pairs may simply represent nor-

mal fluctuation rather than a major population de-

cline. At temperate latitudes, however, other au-

thors have noted the relative stability of peregrine

populations, especially when unaffected by pesti-

cides or recovering from them (Ratcliffe 1980,

Newton and Mearns 1988, Nelson 1990). Since the

peregrine is not an ephemeral species (Galushin

1974, Hunt 1988), annual surveys of its entire

range are unnecessary to monitor changes in its

population size.

A related issue is the effectiveness of single visits

to monitor breeding peregrine populations. The
single surveys in the N.W.T., Yukon, Ungava Bay,

and Labrador occurred at hatching or during the

nestling stage. Adult peregrines are more aggres-

sive at this stage than during incubation and thus

more likely to be detected. However, any failed

nesters are less likely to be detected by later sur-

veys. Mark Bradley (pers. comm.), who monitored

the Rankin Inlet population throughout the entire

1986 breeding season, determined that less than

10 of the 26 original pairs remained territorial af-

ter nest failure in early incubation caused by the

spring snowstorm. Thus, a single survey after such

a nest failure would have underestimated the pop-

ulation by 60%. The effect of catastrophic weather

was noted by Court et al. (1988) and in Labrador

during 1989 and 1991 byj. Brazil (pers. comm.).

Thus, the results from single surveys should be

used with caution since they could underestimate

population size and productivity.
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GOLDEN EAGLE PREDATION ON PRONGHORNS IN WYOMING’S
GREAT DIVIDE BASIN
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From 1980-85, while studying pronghorn antelope in

Wyoming’s Great Divide Basin, we recorded seven inci-

dents of golden eagles {Aquila chrysaetos) attacking prong-

horns {Antilocapra americana). Most reported observa-

tions of golden eagle predation on pronghorns involve

newborn fawns during spring and summer (Beale and

Smith 1973, Barrett 1978, Beale 1978, Bodie 1978, Von

Gunten 1978, Autenrieth 1980), but a few attacks have

been recorded in winter (Lehti 1947, Thompson 1949,

Bruns 1970, Goodwin 1978) when two adult males, one

adult female and four fawns were killed. Herein, we pro-

vide further evidence for golden eagle predation on

pronghorns, particularly during the winter.

The study was conducted in the Great Divide Basin, an

area of shrubsteppe habitat located northwest of Rawlins,

Wyoming. Golden eagles utilize the area preying on

pronghorns, white-tailed jackrabbits {Lepus townsendii)

,

desert cottontails {Sylvilagus audubonii) and sage grouse

{Centrocercus urophasianus) (U.S. Dept, of Interior 1978).

We observed eagles in the study area throughout the

year. Rabbits and sage grouse were observed almost daily.

In late summer 1982, we conducted two strip-transect sur-

veys to estimate lagomorph densities. These surveys were

conducted by driving a vehicle at night and counting all

lagomorphs in a transect defined by the width of the

headlight beam. In March 1983, we attempted to count

all pronghorns and eagles in the 182 km‘^ area where we

observed eagle attacks. Counts covered the entire area

and were made using a Piper Supercub aircraft flown at

an elevation of 60 m along 400-m-wide north-south tran-

sects. Surveys began 30 min after sunrise on days when
visibility was excellent and used one observer who always

looked away from the sun.

During our 1983 survey, we counted 3230 pronghorn

^ Present Address: Massachusetts Division of Fisheries

and Wildlife, Field Headquarters, Westboro, MA 01581

U.S.A.

and 23 golden eagles for a density of 17.7 pronghorn and

0.13 golden eagles per km^. Data from our two strip-tran-

sects provided an estimate of 0.94 lagomorphs per ha.

We considered these estimates to be accurate indicators

of the relative abundance of predators and prey in our

study area.

All but one of our observations of golden eagles at-

tacking pronghorns were made from November through

February 1981-84. Six observations were made from a

vehicle and one from the air. We do not know if our

aircraft influenced pronghorn or eagle behavior during

this attack, but during all five winter observations made
from the vehicle, we were parked, watching groups of

pronghorns and they began to run from eagles, not from

us. We were traveling along a two-track road when our

summer observation was made and, because pronghorns

were running when we first observed them, we do not

know if our vehicle or the eagle first caused pronghorns

to flee. Eagles were not marked, thus we do not know
how many individual eagles were involved in attacks or if

the same eagle may have been observed in more than

one attack.

Each winter attack involved a single golden eagle and

groups of 120 to 350 pronghorns. The pronghorns be-

came alarmed when the eagle vocalized while circling a

herd at an estimated elevation of 60 m. Pronghorns fled

only when the eagle flew low (10 m or less above the

ground) and directly toward them. In one instance,

pronghorns fled when the eagle was seen flying at them

from 300 m away. When running from an eagle, prong-

horns appeared to group more closely than when we ob-

served them escaping from coyotes ( Canis latrans) or hu-

mans.

When circling pronghorns, eagles did not always at-

tack. When they did attack, there was a consistent pattern

of circling, vocalizing, and flying away from the group of

pronghorns just prior to the initiation of a chase. During

all five winter observations made from the ground, eagles

vocalized. Pronghorns watched eagles fly away and con-

tinued to watch the area where they had disappeared.

When an eagle reappeared flying low to the ground and

directly toward them, the pronghorns bunched more
closely together and then ran. When the pronghorns
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fled, the eagle targeted the last animal in the group, and

all subsequent attacks were directed toward that isolated

individual.

t\11 attacks were similar and, after the eagle caught up

to the pronghorn, it landed on its back at points varying

from just posterior to the withers to slighdy anterior to

the white rump patch. Once an eagle landed on a fleeing

pronghorn, the pronghorn fell or continued to run ap-

parently trying to dislodge the bird. The longest time an

eagle rode a pronghorn was approximately 20 sec for an

estimated distance of 200 m. Eagles did not balance well

on fleeing pronghorns and all attacks ended when the

eagle and pronghorn fell to the ground. Prior to hitting

the ground, the eagle folded its wings and after the fall,

it remained standing on the ground for approximately

30 sec before attacking again. During each encounter we

observed, the eagle attacked the same pronghorn from

one to four times and, of the three pronghorns killed,

one, two, and three attacks were involved before the

pronghorn was killed. Kills we witnessed involved one fe-

male and one male fawn (estimated age 8—9 mo) and

one male (estimated age 20-21 mo). Pronghorns that

escaped did so by running back to the fleeing herd. We
do not know the fate of these animals, but we did observe

otherwise healthy looking pronghorns with dried blood

on their backs.

Eagles began feeding on pronghorns after they fell.

Two pronghorns appeared paralyzed, possibly from spi-

nal injuries, but remained alive for at least 10 min after

eagles began feeding. Eagles always began feeding dor-

sally on the carcass at the point where their talons had

punctured the skin. Kills were quickly detected by other

golden eagles and coyotes. On one occasion, a second

eagle arrived within 8 min after a kill was made and, after

27 min, five golden eagles were feeding on the kill. We
observed coyotes approaching golden eagles feeding on

dead pronghorns, but eagles did not attack coyotes, nor

did coyotes displace eagles from the carcasses.

We observed a fawn attacked by an eagle in July 1985.

In this instance, approximately 10 pronghorns were run-

ning in front of our vehicle when a fawn (<1 mo. old,

estimated weight 4 to 5 kg) in the rear of the group was

attacked by a pursuing golden eagle. The eagle grasped

the fawn in the back, lifted it approximately 10 m verti-

cally then released its grip dropping the fawn. It rose,

began to run with an awkward gait and the eagle initiated

a second stoop, but appeared to shy from our vehicle.

The fawn ran out of sight, and the eagle flew in the op-

posite direction.

During winter, pronghorns became concentrated in

our study area which may, in part, explain why we ob-

served more eagle predation in winter than in summer.

Based on our field observations ofjackrabbit, cottontail

rabbits and sage grouse, these prey appeared to be avail-

able. Thus, we doubt that eagles were attacking prong-

horns because alternate prey was unavailable. More likely,

they were related to the winter conditions which made

pronghorns vulnerable to eagle predation. Snow depth

ranged from 0-10 cm and did not impede pronghorn

movement nor did it appear to influence eagles when

they attacked pronghorns.

It was interesting that eagles prey on adult pronghorns

nearly as frequently as on immatures. Nearly 50% of our

observations involved attacks by single eagles on adults

and fawns from the previous spring when they approach

adult body size. Bruns (1970) observed a similar trend

toward winter predation on adults by single eagles hunt-

ing herds of pronghorns. Tandem hunting has been re-

ported in breeding areas (Collopy 1983), but this behav-

ior is apparently rare in winter (Tjernberg 1986). Collopy

(1983) reported two golden eagles preying on black-

tailed jackrabbits {Lepus californicus) and smaller mam-
mals. Hatch (1968) observed a pair of golden eagles suc-

cessfully killing a red fox (Vulpes fulvd). In both reports,

one eagle either flushed the prey or diverted its attention

while the second eagle attacked. Thompson (1949) ob-

served two golden eagles simultaneously chasing two sep-

arate pronghorn herds but the size and relative conspic-

uousness of pronghorns may eliminate the need for tan-

dem hunting of this species.

Bruns (1970) reported an eagle attacking two different

pronghorns before successfully killing a female fawn. Ea-

gles we observed attacking pronghorns directed their at-

tention to a single animal and actually rode on their vic-

tims for as long as 20 sec. Bruns (1970) observed an eagle

riding a pronghorn for nearly 5 min.

We observed a 50% success rate for golden eagles prey-

ing on pronghorns in winter. This estimate is higher than

the 23-30.5% success rate reported by Collopy (1983) for

eagles hunting small mammals in Idaho, and the 21%
success rate for golden eagles hunting small animals in

Sweden (Tjernberg 1986). Small mammals may be better

able to find cover for their escape. Pronghorns are more

conspicuous than small mammals and they live in open

habitats where opportunity to use cover for escape is lim-

ited.

Pronghorns seem to recognize eagle hunting behavior

and bunch tightly together when they flee from attacking

eagles (Bruns 1970). Eagles we observed elicited this re-

sponse by either vocalizing while circling immediately

above pronghorns, or by flying close to the ground di-

rectly at herds. This behavior isolates an animal from the

group that then becomes the focus of ensuing attack

Resumen.—Estudiamos a Antilocapra americana en la gran

cuenca divisora de Wyoming, en un periodo de 57 meses,

entre 1980 y 1985. Durante este tiempo, registramos siete

ataques de Aquila chrysaetos sobre A. americana. Seis

ataques en invierno involucraron un macho adulto, uno

del afio, una hembra adulta y tres cervatillos. En verano

solo se observe un ataque sobre un cervatillo. En invier-

no, las aguilas mataron el 50% de las veces que atacaron,

matando un macho y una hembra (ocho a nueve meses

de edad) y un macho de 20 a 21 meses de edad. El
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ataque realizado en verano sobre el cervatillo, no fue exi-

toso, posiblemente debido a nuestra presencia. En in-

vierno, las aguilas atacaron a A. americana desde la parte

posterior de grupos que huian, aterrizaban sobre sus es-

paldas, derrivaban el grupo o liberaban sus garras antes

que A. americana cayera. El mayor tiempo de persecusion

fue de 20 segundos. Cuando A. americana, se sentia

amenazada por A. chrysaetos, corrian asociados en reba-

nos, una conducta que difiere de respuestas de escape

suscitadas por otro tipo de peligros. Sugerimos que esta

respuesta conductual unica de A. americana puede indi-

car una interaccion historica depredador-presa.

[Traduccion de Ivan Lazo]

Acknowledgments

We thank C.E. Braun, A.R. Harmata, P.L. Kennedy,

L.C. McEwen, S.K Skagen, KJ. Sejkora, RA. Ryder and
two anonymous reviewers for constructive criticism of this

manuscript. Funding was supplied by Minerals Explora-

tion Company of Rawlins, Wyoming and U.S. Bureau of

Land Management and the Wyoming Game and Fish De-

partment.

Literature Cited

Autenrieth, R.E. 1980. Vulnerability of pronghorn

fawns to predation. Proc. Pronghorn Antelope Workshop

9:77-79.

Barrett, M.W. 1978. Pronghorn fawn mortality in Al-

berta. Proc. Pronghorn Antelope Workshop 8:429—444.

Beale, D.M. 1978. Birth rate and fawn mortality among

pronghorn antelope in western Utah. Proc. Pronghorn

Antelope Workshop 8:445—448.

AND A.D. Smith. 1973. Mortality of pronghorn

antelope fawns in western Utah. f. Wildl. Manage. 37:

343-352.

Bodie, W.L. 1978. Pronghorn fawn mortality in the up-

per Pahsimeroi River drainage in central Idaho. Proc.

Pronghorn Antelope Workshop 8:417—428.

Bruns, E.H. 1970. Winter predation of golden eagles

and coyotes on pronghorn antelope. Can. Field-Nat.

84:301-304.

COLLOPY, M.W. 1983. Foraging behavior and success of

eagles. Auk 100:747-749.

Goodwin, G.A. 1978. Golden eagle predation on prong-

horn antelope. Auk 94:789—790.

Hatch, D.R.M. 1968. Golden eagle hunting tactics. Blue

Jay 26:78-80.

Lehti, R.W. 1947. The golden eagle attacking antelope.

/. Wildl Manage. 11:348-349.

Thompson, W.K 1949. Predation on antelope. J. Wildl.

Manage. 13:313-314.

Tjernberg, M. 1986. Hunting behavior, prey selection

and strike success of wintering golden eagles in south

Sweden. Var Fagelvdrld

U.S. Dept, of Interior. 1978. Seven Lakes grazing en-

vironmental impact statement. U.S. Bureau of Land
Management, Washington, DC U.S.A.

Von Gunten, B.L. 1978. Pronghorn fawn mortality on
the National Bison Range. Proc. Pronghorn Antelope

Workshop 8:394—416.

Received 8 December 1995; accepted 26 April 1996



/, Raptor Res. 30(3) : 160-1 64

© 1996 The Raptor Research Foundation, Inc.

SEX AND AGE CLASSES OF MIGRATING RAPTORS DURING THE
SPRING OF 1994 AT EILAT, ISRAEL
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Raptor migration counts have been conducted in the

spring and autumn from 1977-87 near the northern tip

of the eastern arm of the Red Sea at Eilat (Christensen

et al. 1981, Shirihai 1987, 1988, Shirihai and Christie

1992, Shirihai and Yekutiel 1991). The most recent sur-

vey was conducted in the spring of 1994 (Yosef 1995).

Because early reports did not present results pertaining

to the sex and/or age classes of the raptors observed on
migration, 1 am presenting the sexes and ages of raptors

that passed this observation point during the daily count.

Observations were made at three points for approxi-

mately 12 hr/d from 15 February-19 May 1994. Except

for two d when observations were terminated due to

sandstorms, 92 d of observations were carried out (Yosef

1995). At the observation point, soaring birds frequently

flew within 50 m of the observers in mornings and late

evenings. Species not aged or sexed were not included

in the analyses (e.g., short-toed eagle [Circaetus gallicus],

booted eagle [Hieraaetus pennatus]
,
osprey [Pandion hal-

iaetus\), as were individuals that were not identified to

the species level.

A total of 1 022 098 raptors of 29 species were counted

(Yosef 1995). Of these, only 3993 birds were sexed and/

or aged (0.4% of total). Most were steppe eagles (3048,

Julian Day

Figure 1. Age classes of migrant Egyptian vultures {Neophron percnopterus, N = 342) at Eilat in the spring 1994. Data
are presented in 5-d periods.
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Table 1. Ages and sexes of raptors observed in the spring 1994 at Eilat, Israel. The total observed for each species

is given for comparison of percent identified (Yosef 1995).

Species

Age Sex

Juvenile Immature SUBADULT Adult Female Male

Black kite 1 4

Egyptian vulture 8 18 21 295

Griffon vulture 1 13 14 14

Marsh harrier 68 19

(Juv- 12 3)

Pallid harrier 12 40

Montagu’s harrier 1 3 2

Sparrowhawk 12 5

Levant sparrowhawk 15 32

Steppe buzzard 8 188

Long-legged buzzard 6 15

Lesser spotted eagle 2 2

Spotted Eagle 2

Steppe eagle 243 110 357 2338

Imperial eagle 28 6 7

Golden eagle 3 2 2

Bonelli’s eagle 2 8

Lesser kestrel 5 9

Eurasian kestrel 11 22

Red-footed falcon 1 2

Hobby 22

Eleonora’s falcon 7

Sooty falcon 5

Peregrine falcon 4

Barbary falcon 1 2

Aquila nipalensis)

,

Egyptian vultures (342, Neophron perc-

nopterus), and steppe buzzards (196, Buteo buteo vulpinus)

.

Days on which individual raptors or small flocks were ob-

served gave the greatest accuracy in determining sexes

and/or ages of migrants. On days when flocks of

thousands were counted, only individual raptors that

were conspicuous were either aged or sexed. Because mi-

gration is species-specific at Eilat with a few species com-

prising between 65-98% of the birds seen on any given

day (Yosef 1995), exceptional species are more conspic-

uous to the observer (Yosef 1995). In the Eilat region,

the two dominant soaring species are the honey buzzard

(53.5%, Pernis apivarus) and steppe buzzard (37.4%). Be-

cause they appear in large flocks, the number of individ-

uals successfully aged or sexed was low (0.05%).

Egyptian vultures (342; 82.0%) were identified as ei-

ther juveniles, immatures, subadults, or adults (Mundy et

al. 1992, Table 1). Adults (295, 86.3%) were observed

throughout the survey, but the largest numbers were ob-

served between 4 March-17 April. The bulk of the sub-

adults migrated from 6 April-11 May (Fig. 1). Twenty-

one (6.1%) were subadults, 18 (5.3%) immatures, and

eight (2.3%) juveniles. Shirihai and Christie (1992) also

found that during spring 1985 almost 95% of Egyptian

vultures were adults and that nonadults passed mainly in

early May. By coalescing data from five separate surveys,

Mundy et al. (1992) found that more juvenile/immature
(brown) birds fly south to Africa in autumn in compari-

son to those returning to Europe and Asia in spring. In

the 1994 survey, pied birds (adults/subadults) also com-

prised 95% of the migrating Egyptian vultures indicating

that juvenile and immature mortality may be as high as

80% of that age group, or that only a few birds fly back

to Europe and Asia while others remain in Africa (Mundy
et al. 1992).

Marsh harriers {Circus aeruginosus) were observed in

small numbers throughout the survey but there were two

peaks in the number of harriers passing the observation

point between 22 March-10 April and 21-27 April when
as many as five harriers/d were observed. Females dom-
inated the migration (68 vs 19) and males were concen-

trated between 22 March-15 April. During the first peak

nine males vs 25 females were observed, but the second

peak comprised mostly females (one vs 19). Pallid har-

riers (C. macrourus) were only seen for three wk. Sexes

differed in time of migration with males migrating (19
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Figure 2. Age classes of migrant steppe eagles {Aquila nipalensis, N = 3048) at Eilat in the spring 1994. Data are

presented in 5-d periods.

March-15 April, median = 26 March) earlier {t = 4.69,

df = 11, P < 0.0007) than females (26 March-10 April,

median = 31 March). Montagu’s harrier (C. pygargus)

migrated one wk later than pallid harriers from 8-23

April.

Sparrowhawks {Accipiter nisus) were solitary migrants

and their size and flight at low altitudes made them dif-

ficult to identify. Thus, only 17 (13.9%) of 122 seen were

sexed. Nevertheless, females dominated the passage (12

vs five).

Levant sparrowhawks {Accipiter brevipes) usually passed

through the Eilat mountains in large flocks during the

hottest hours of the day and were usually very high. If

they roosted, they left before first light so they were dif-

ficult to sex and age. This problem was further confound-

ed by the fact that recent radar studies indicate that it is

possible that levant sparrowhawks are also nocturnal mi-

grants (Stark and Liechti 1993). A total of 32 males and

15 females were identified mostly when they were in

flocks of 5-10 birds.

The steppe buzzard was the second-most-numerous

species but only 196 (0.05%) were aged (Table 1). All

adults on the 1994 survey were identified between 15

February-26 March. This finding concurred with Shirihai

and Christie (1992) who contend that adults predomi-

nate in the migration up to mid-April, and then the flight

is comprised mainly ofjuveniles.

Long-legged buzzards (P. rufinus) migrated in small

numbers from late-February to late-April. Numbers, and
consequently age ratios, may have been underestimated

because of its similarity to the more numerous steppe

buzzard (Shirihai and Forsman 1992). The majority iden-

tified were adults.

Although the lesser spotted eagle (A. pomarina) was

seen in small numbers from mid-March to mid-April, of

the 65 observed in 1994, only four were aged (two sub-

adults, two adults).
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Julian Day

Figure 3. Age classes of migrant imperial eagles {Aquila heliaca, N ^ 41) at Eilat in the spring 1994. Data are
presented in 5-d periods.

Most adult (2338, 76.7%) steppe eagles migrated by
late-March. This concurred with previous surveys which
indicated that 60—75% of the steppe eagles migrating

through Eilat in spring are of breeding age. Juveniles (1st

and 2nd calendar yr) and immature (3rd-5th calendar

yr) birds were observed evenly distributed throughout
February, March and April (Fig. 2) which differed from
Shirihai and Christie (1992) who found that from the

end of March and throughout April many immatures
pass, while by mid-April the majority are juveniles.

Imperial eagles {A. heliaca) migrated throughout the

survey. Two peaks previously described (first wave in late-

February to mid-March, second wave in early-April, Chris-

tensen et al. 1981, Shirihai and Christie 1992) were not
evident in 1994 and adults were not predominant. In

fact, first-yr birds dominated the migration in general

(68%, Fig. 3). Although Shirihai and Christie (1992) im-

plied a decline in numbers between 1977-88 (r^ = 0.665,

N =
6, P < 0.048) ,

this was not substantiated during the

1994 survey (r^ = 0.27, N = 7, P < 0.23).

Falcons {Falco spp.) were spread out over the migration

in small numbers. Only 14 (16.9%) lesser kestrel (Falco

naumanni) were identified and many may have been
missed because they migrate mostly along the coast and
in open areas. Male kestrels (F tinnunculus) outnum-
bered females two-to-one. All hobbys (F. subbuteo) seen
were adults. Many were probably missed owing to their

low, dodging flight in the canyons below the observation

posts. All seven Eleonora’s falcons (F. eleonorae) and five

sooty falcons (F. concolor) seen were also adults. Of the

four peregrine falcons (F. peregrinus) seen, one was a ju-

venile and the other three adults. Of the four Barbary
falcons (F. pelegrinoides) observed, one was a female and
the other two males.

Differences between this study and prior surveys in the

ages and sexes of migrants observed is indicative of the

need to be cautious of using the results obtained from
raptor migration surveys. A good example of the poten-

tial for error is the very low number of adult imperial

eagles observed during this survey compared to 1992 re-

sults. It is possible that the majority of the adult popula-

tion followed routes further north of Eilat, or might even
have wintered north of Eilat (western Negev desert and
Hula Valley). This study stresses the importance of sur-

veys that identify age and sex of migrant raptors.

Resumen.

—

Varies conteos de rapaces en migracion han
sido realizados en primavera y verano en Eilat, extreme
norte del brazo este del Mar Rojo. Los estudios iniciales

no indicaban sexo y/o clases de edad de las rapaces ob-

servadas. Durante 92 dias de observacion, registramos un
total de 1022098 individuos de 29 especies de rapaces.

De ellos, 3993 individuos fueron sexados y/o clasificados

por edad (0.4% del total). La mayoria (3049) correspon-
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dio a Aquila nipalensis, 342 a Neophron percnopterus y 196 a

Buteo buteo vulpinus. Aquellos dias en los que se registra-

ron aves individuales o pequenas bandadas, fueron los

mejores para determinar sexo y/o edad. Este trabajo en-

fatiza la importancia de los estudios migracionales que

identifican sexo y determinan edad de las especies cuan-

do es posible. Informacion de este tipo es necesaria para

obtener estimaciones gruesas de poblaciones continen-

tales de rapaces.

[Traduccion de Ivan Lazo]
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The breeding range of red-footed falcon {Falco vesper-

tinus) in the Palearctic extends across the broad band of

steppe, foreststeppe and cultivated lands in the north

temperate zone (Cade 1982). The western limit of this

species extends to the western border of Hungary in Cen-

tral Europe (Keve and Szijj 1957, Lohmann 1962, Glutz

et al. 1971, Cramp and Simmons 1980). Although a rel-

atively large red-footed falcon population occurs in the

Carpathian Basin (Keve and Szijj 1957, Glutz et al. 1971,

Cramp and Simmons 1980), very little is known about

their number and breeding distribution in the northern

province of Serbia, Voivodina (Antal et al. 1971, Pelle et

al 1977).

Based on limited information, Vasic et al. (1985) made
a preliminary estimate of 80 pairs of red-footed falcons

m Voivodina. However, this preliminary work did not pro-

vide a clear picture of the distribution of nesting areas.

Herein, I provide the results of a recent survey of the

numbers and distribution of red-footed falcon nests in

the area.

Voivodina is a mostly flat region in northern Serbia

that lies in the southeastern part of the Carpathian Basin.

It is divided by the Danube, Tisa, and Sava Rivers into

three areas: Bachka, Banat, and Srem (Fig. 1). The Bach-

ka region (8956 km^) lies between the Tisa and Danube

Rivers and borders with Hungary in the north. The Banat

region (8886 kra^) is north of the Danube River and east

of the Tisa River and borders with Hungary and Roma-

nia. The Srem region (3838 km^) lies between the Dan-

ube and Sava Rivers and borders with Croatia. The area

ranges from 70-200 m above sea level and two moun-

tains, the Fruska Gora (539 m) in Srem and the Vrsac

Mountains (641 m) in southeastern Banat rise above the

large plain. They support deciduous forests dominated

by oak {Quercus spp.), linden {Tilia spp.), and hornbeam
(Carpinus spp.). The lower slopes have mostly been

cleared and are used for pastures, vineyards and or-

chards. Voivodina is largely agricultural and only 5.4% is

forested. The most common soil type is chernozem, a

black soil, covering 60% of the arable land. It is extreme-

ly fertile and mainly used for cultivation of crops such as

wheat, maize, sugar beets, sunflowers, and soya. Industri-

al crops, fodder crops and vegetables are also cultivated

on the black marsh soil. Alluvial soils occur in river valleys

and support willows (Salix spp.) and poplar {Populus

spp.) forests and meadows. Approximately 10% of Voiv-

odina has saline soils which are used for pastures and, in

some places, fishponds.

The red-footed falcon census was performed from 28

April-14 July in 1990, and from 27 April-22 July in 1991.

In 1990, surveys were conducted for 28 d, while in the

second year the survey took 33 d. Srem, Bachka, and

Banat were surveyed on 7, 18 and 36 d, respectively. In

both years, an observer and I drove all the main roads in

Voivodina, usually 200-400 km per day, for a total of

>20 000 km. Over a 3-d period at the end of April, and

over 16 d in May in both survey years, I also searched for

rook colonies and recorded any red-footed falcons ob-

served.

Horvath (1955) observed red-footed falcons laying

eggs in the second half of May and concluded that nests

became occupied 2-3 weeks before egg laying. To deter-

mine clutch and brood sizes of red-footed falcons, nest

trees were climbed twice in June and July. Only those

nests containing at least one egg during the first nest visit

were included in nest size estimates. When nests were

impossible to climb, they were checked twice from the

ground to make certain that the female was in the same

nest and to count nestlings standing on the edge of the

nest.

To make the census more complete, information on

rook colonies and locations of red-footed falcon nests was

obtained from the Association for Protection and Study

of Birds of Voivodina. This was originally reported by A.

Zsulyevits, M. Devic andj. Rasajski (Table 1).

I found 308 pairs and 124 pairs of red-footed falcons

in Voivodina in 1990 and 1991, respectively (Table 1).

Breeding pairs were found only in Bachka and in Banat

(Fig. 1). In 1990 four, while in 1991, five pairs nested in

northwestern and southeastern Bachka between the Dan-

ube and Tisa Rivers. In all cases, red-footed falcons nest-

ed in isolated magpie {Pica pica) or hooded crow ( Corvus

corone cornix) nests.

In Banat, 304 pairs of red-footed falcons were found

in 1990, while only 119 pairs were recorded in 1991. Most

nests were either along the Tisa River or in the foothills

of the Vrsac Mountains (Fig. 1). In 1990, red-footed fal-

cons nested in 15 separate locations. With the exception

of three isolated pairs found in old magpie nests (in the

vicinity of the villages of Bocar, Dobrica and Konak)
,
red-

footed falcons nested in rook ( Corvusfruglegus) colonies.
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Figure 1. Breeding distribution of red-footed falcon in Voivodina during 1990 and 1991 based on the bird census data.

Five large colonies were used including one near the

village of Jazovo where 147 pairs of red-footed falcons

nested. In 1991, 19 sites were used in Banat. At 9 sites,

11 pairs nested in abandoned magpie or hooded crow

nests. At the other 10 sites, 108 pairs nested in rook col-

onies. The four largest colonies were near Jazovo (29

pairs), Melenci (27 pairs), Vlajkovac (16 pairs), and Tor-

da (14 pairs) (Table 1).

Birds of prey that breed in colonies tend to nest in the

same location year after year (Newton 1979). In this

study, red-footed falcons also reused colonies but the

numbers of breeding pairs decreased from 308 pairs in

1990 to only 124 pairs in 1991. There are several possible

reasons for the difference between the results of the two

census years. The census in Voivodina was conducted

near the periphery of the species distribution. Peripheral

populations tend to react more sensitively to environ-

mental changes than do more central populations

(Udvardy 1969). The spring of 1991 was cooler and wet-

ter than 1990, which delayed nesting of rooks. Thus,

when red-footed falcons arrived at the end of April to

breed, rooks were still occupying nests and they were

forced to find alternative nest sites. It is possible that

some of the falcons may have gone further north, but

the rest may have used abandoned magpie and hooded

crow nests or tried to occupy empty nests inside rook

colonies that were still active. Usually, red-footed falcons

that nest in colonies are more reproductively successful

than solitary nesters (Haraszthy and Bagyura 1993). Un-

favorable weather conditions may, therefore, lower repro-

ductive success of red-footed falcons by forcing them to

nest in less suitable, isolated magpie and hooded crow

nests.

Raptors may also become concentrated in the breed-

ing season in areas with abundant food (Newton 1979)

,

Voivodina is predominantly agricultural and grasslands
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Table 1. Number of breeding pairs of red-footed falcon

found in Voivodina during 1990 and 1991.

UTM Locality 1990 1991

CR57

Bachka

Lenija, 6 km northeast of Sombor 1 2

(A. Zsulyevits)

Milcic, 8 km northeast of Sombor 1

CR58
(A. Zsulyevits)

Rancevo, 14 km north of Sombor 2

CR68
(A. Zsulyevits)

5 km southwest of Aleksa Santic 1

DR12 2 km west of Gospodjinci 1 —
DR13 8 km northeast of Temerin 1 —

DR44

Banat

7 km north of Melenci 3

5 km northeast of Melenci 46 27

DR45 Slano kopovo, 9 km east of Novi — 1

Becej

6 km southwest of Basaid 2

DR46 5 km west of Bocar 1 —
6 km southwest of Novo Milosevo 6 —

DR47 1 km east of Idjos — 2

DR48 2 km southeast ofJazovo 147 29

DR49 2 km southwest of Vrbica — 1

2 km west of Banatski Monostor — 1

1 km west of Banatski Monostor — 1

DR53 3 km northwest ofJankov Most 1 2

DR54 2 km south of Torda 20 14

4 km southwest of Torda 12 3

6 km southwest of Torda 4 2

DR55 1 km southeast of Basaid — 7

DR56 9 km south of Kkinda — 1

10 km south of Kikinda — 1

6-7 km northeast of Basaid 6 —
DR60 Idvor (M. Devic) — 1

DR80 2 km southeast of Dobrica 1 —
DR91 2 km southeast of Konak 1 —
DQ69 Sakule (M. Devic) — 7

ER20 3 km east of Vatin 7 1

EQ18 Potporanj
(J.

Rasajski) 7 —
EQ19 3 km northwest of Vlajkovac 42 16

Total 308 124

and pastures provide necessary foraging areas for falcons

during the nesting season. Red-footed falcons are prob-

ably more abundant and widely dispersed in Banat due
to this reason. Conversely, Bachka supports few falcons

because it is dominated by intensive row-crop agriculture.

Resumen.—Registre 308 y 124 parejas reproductivas de

Falco vespertinus en Voivodina, entre 1990 y 1991, respec-

tivamente. La mayoria de los halcones nidificaron en la

region este de Banat, mientras que solo 4-5 parejas ni-

dificaron en Bachka, ninguna nidifico en Srem. Falco ves-

pertinus ocupo nidos de colonias de Corvus frugilegus

(>90% de las veces). Pica pica y Corvus corone cornix. En
1990, las tres colonias mas grandes estaban en las vecin-

dades de las villas de Jazovo, Melenci y Vlajkovac, las que
tenian 147, 46 y 42 parejas reproductivas, respectiva-

mente. Las mismas colonias soportaron solamente 29, 27

y 16 parejas en 1991. He atribuido esta diferencia al frio

y Iluvia primaveral ocurridas en 1991, las que provocaron

un retardo en la nidificacion de C. frugilegus, lo que prev-

ino la ocupacion de los nidos por parte de los halcones.

La falta de insectos-presa probablemente tambien con-

tribuyo a la declinacion en el numero de parejas nidifi-

cantes de halcones.

[Traduccion de Ivan Lazo]
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Abstract.—The European population of the lesser kes-

trel {Falco naumanni) has experienced a sharp decrease

in recent decades. Because they nest mainly in man-made

structures, building deterioration has been an important

cause of local declines when roofs collapse and nest sites

become limiting. I tested two designs for artificial nest

structures to be used in old buildings and a special roof

tile that should increase the availability of nest sites in

Spain. The first structure was made of wood and fitted

under the roofs of buildings. Of 229 structures installed,

41.4% were occupied by 95 pairs of kestrels nesting in

buildings. The special roof tile was tested as a nest en-

trance in deteriorated roofs. Of 94 tile entries installed,

23 were used by 51.1% of all pairs. The second nest struc-

ture was ceramic. Of 29 ceramic structures installed, 10

were used by breeding pairs. Although ceramic nesting

structures are easy to install nearly anywhere, care must

be taken to avoid locations exposed to the sun because

ceramic structures can develop high internal tempera-

tures when exposed to direct solar radiation. Both nest

structures and the tile entry can be fitted to old and new
buildings to prevent roof deterioration and to allow for

the establishment of new colonies.

The lesser kestrel {Falco naumanni) is a species whose

distribution has decreased dramatically in recent decades

(Biber 1990). In Spain, the population decreased from

about 100 000 pairs in 1960 to less than 50 000 in 1970

and only 5000 in 1988 (Gonzalez and Merino 1990).

Land-use changes in breeding areas are considered the

main cause of the decline (Donazar et al. 1993) but lack

of nesting places has also become a serious local prob-

lem. In Spain, 95% of these small and colonial falcons

nest in buildings (Gonzalez and Merino 1990), so resto-

ration (closing the small holes in the walls or roofs) , de-

terioration and the collapse of old buildings have caused

several colonies to disappear (Gonzalez and Merino

1990, Negro 1991, Telia et al. 1993). Use of artificial nest

structures has been recommended to ease the problem

caused by the loss of nest sites (Biber 1990, Blanco and

Gonzalez 1992). Use of these structures has been an ef-

fective management tool for European and American

kestrels {Falco tinnunculus and F. sparverius) in areas with

poor nest-site availability (Hamerstrom etal. 1973, Village

1983). Despite several efforts to install artificial nest

structures in Spain, efforts to reestablish lesser kestrels

have had only limited success.

This study tested designs for artificial nest structures

that would be easy to install. Two kinds of nest structures

and a special entrance tile were designed and tested in

several nesting colonies of lesser kestrels.

The study took place in Monegros (Aragon) and Cat-

alonia, Spain. In Monegros, about 98% of the kestrels

nested under roof tiles in abandoned buildings. In this

area, an increasing population of >200 pairs of lesser

kestrels is dispersed over more than 30 colonies (Telia et

al. 1993). In Catalonia, a reintroduction program was be-

ing developed (Pomarol 1993) and a few small colonies

had recently been established.

One artificial nest structure was made out ofwood and

was fitted under the roofs of buildings (Fig. 1; Gonzalez

and Merino 1990). A total of 229 of these structures was

tested from 1990-95. Kestrels could go under the roof

tiles through cracks and holes in deteriorated tiles. From
there, they entered the nest box through a hole that was

bored through the reeds and mud used in the construc-

tion on roofs. The entry was approximately 40-60 cm in

length and the tunnel was not straight to ensure that the

bird could not see directly outside from inside the nest

structure. Both characteristics are commonly found in

natural, lesser kestrel roof nests. To avoid causing roof

leaks, 94 special roof tiles commonly used in new build-

ings for roof ventilation, were tested in 1993-95 as entry-

ways to nest structures (Fig. 2).

The second nest structure was ceramic and made for

easy installation in a variety of conditions. A total of 29

of these structures was tested in 1993-95, in two roofless,

ruined buildings (Fig. 3). It had a lateral entrance so

females could not see directly out and entry was 8 cm in

diameter. Several small holes (0.3 cm diam.) were made
in the rear to increase ventilation.

Both nest-box designs and entry tiles were installed in

buildings used by nesting kestrels so there was a choice

between natural and artificial nest sites.

Because high temperatures can be reached inside ce-

ramic pots exposed to the sun (Telia et al. 1994), three

changes were made to ceramic nest structures to deter-

mine how the thickness and color of construction mate-

rials can affect internal temperatures that develop within

these pots. In one case, the ceramic nest structure was

made with thin walls (0.5 cm in thickness) . In a second

case the structure was made with thick walls (1.0 cm in

thickness) and in the third case, the ceramic structure
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40cm

Figure 1. Wooden nest structure installed under tile roofs for nesting lesser kestrels.

was whitewashed. All three types of ceramic kestrel boxes
were installed on the same roof and a maximum/mini-
mum thermometer was placed in each. Over a 26-d pe-

riod in July 1994, maximum daily temperatures were re-

corded inside these ceramic pots and wooden nest boxes,

natural cavities under roof tiles, as well as outside in the

shade. Data were analyzed using ANOVA and differences

between means was determined with a LSD test.

Forty-one percent of the 229 wooden structures were
occupied by 95 known breeding kestrel pairs (Table 1).

Figure 2. Special tile used as an artificial entrance for

the lesser kestrel.

The spodess starling {Sturnus unicolor) also used these

structures as did a similar species, the European starling

(5. 57M/gam)
, which has been found to be a regular breed-

er in many different designs for nest structures (Gauthier

1988). Little owls {Athene nocfua), jackdaws {Corvus mo-

nedula), stock doves {Columba oenas), dormice {Elyovus

quercinus) and rats {Rattus rattus) also used the structures

sporadically.

A total of 94 tiles were fitted in the roofs of buildings

used by four colonies of breeding lesser kestrels. Fifty-

four were installed in combination with wooden nest

structures and 40 were placed over natural cavities. Twen-
ty-three pairs (51.1%) of the 45 known pairs nesting in

these buildings chose these tiles as the entrance to their

nests and starlings and little owls also used them sporad-

ically.

Twenty-nine ceramic nest structures were located in

two colonies. Ten (28.5%) of the 35 known breeding
pairs in these colonies nested in the ceramic structures.

The only other species to use this type of structure were
the spodess starling, house sparrow {Passer domesticus)

and scops owl ( Otus scops)

.

Thin-walled ceramic nest structures developed signifi-

cantly higher mean temperatures (41.3 ± 3.2°C, P <
0.05) than thick-walled ceramic structures (39.1 ±
3.5°C), whitewashed ceramic structures (34.9 ± 2.3°C),

natural cavities (37.0 ± 2.5°C) and wooden nest boxes
under roofs (33.3 ± 1.6°C). Temperatures in wooden
nest boxes installed under roofs also varied less than did

temperatures in ceramic structures {P < 0.05).

Wooden nest structures were easy to check from inside

buildings minimizing disturbance to colonies. Unfortu-
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Figure 3. Ceramic nest structure used for nesting lesser kestrels.

20cm

nately, they could not be used in all buildings, particu-

larly in ruins with no roofs or in buildings where it was

not possible to reach spaces under roofs.

Different materials have been used in constructing ar-

tificial nest structures (Soulliere et al. 1992), but few

designs have incorporated ceramic materials (Bernal

1991). Ceramic nest structures have the advantage of be-

ing easy to install in any building (they are simply at-

tached with concrete) and they do not deteriorate easily.

However, they have a drawback in their potential to de-

velop high internal temperatures. Temperatures as high

as 49°C was reached inside ceramic structures during this

study and temperatures as high as 55°C have been re-

ported by Telia et al. (1994). Temperature extremes are

not only lethal to chicks but also eggs (Webb 1987). Var-

nishing ceramic structures causes even higher tempera-

tures to be reached (Bernal 1991). My results showed

that only ceramic nest structures with thick and white-

washed walls should be used in places exposed to sun.

Table 1. Use artificial nest structures by lesser kestrels

m Spain.

Year

# OF

Colonies

# OF Nest

Struc-

tures

# OF

Nest

Struc-

tures

Occupied

% OF Pairs

Nesting in

Boxes

1990 1 10 8 30.7%

1991 4 48 19 21.8%

1992 4 48 26 31.7%

1993 8 65 33 35.8%

1994 2 29 5 38.4%

1995 2 29 4 36.3%

TOTAL 21 229 95 30.5%

To prevent further declines of the lesser kestrel in

Spain, reconstruction of buildings supporting breeding

colonies of lesser kestrels should be done outside the

breeding season and the holes or cavities in walls of these

buildings that are suitable for nesting kestrels should not

be closed, as has already been proposed by Gonzalez and

Merino (1990) and Biber (1990). If holes must be re-

paired, nest structures similar to those I tested should be

used, even in new buildings, to provide lesser kestrels

with the opportunity to nest and recolonize previously

occupied areas. Use of special roof tiles as access open-

ings to nests also makes it possible to equip roofs with

artificial cavities for lesser kestrel colonies without caus-

ing harm to buildings. A simple solution would be to

subsidize the use of these tiles in new constructions in

appropiate areas.

Resumen.—Las poblaciones de cernicalo primilla han pa-

decido una fuerte regresion en las ultimas decadas. De-

bido a que esta rapaz nidifica principalmente en edifi-

cios, la escasez de lugares de nidificacion motivado por

las reconstrucciones o el deterioro de estos, son una cau-

sa local importante de desaparicion. Dos tipos de cajas-

nido y una teja especial han sido recientemente probados

con exito. El primero fue hecho de madera, y fue colo-

cado bajo el tejado. De 229 cajas instaladas, el 41.4% fu-

eron usadas por el 30.5% de las parejas nidificantes en

esas colonias. Para evitar el deterioramiento del tejado,

se probo una teja especial que sirviera de entrada al nido.

De 94 tejas, 23 fueron utilizadas por el 51.1% de las pa-

rejas. La segunda caja nido fue hecha de ceramica. De

29, 10 fueron utilizadas por el 28.5% de las parejas.

Aunque esta puede ser utilizada en cualquier sitio, se

debe tener cuidado por las altas temperaturas que se

pueden alcanzar en su interior. Todos estos nidos artifi-

ciales pueden ser colocados tanto en edificios nuevos
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como viejos, evitando el deterioro de estos y favoreciendo

el establecimiento de nuevas colonias.

[Traduccion del Autor]
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Pirate of the Plains: Adventures with Prairie Fal-

cons in the High Desert. By Bruce A. Haak. 1995.

Hancock House, Blaine, WA. 208 pp., 74 color

photos. ISBN 0-88839-320-2. Paper, $21.00.—Here
is a story about the Zen of doing field research that

will motivate the novice and rekindle the enthusi-

asm of the professional. Bruce Haak takes us back

to a carefree time when pursuit of knowledge and
desire to explore the unknown were the only mo-
tivations necessary to devote one’s life to biological

research. This book expanded my understanding

of prairie falcons {Falco mexicanus), but more im-

portantly made me long for camping under clear

western skies and waking up with the anticipation

of finding a new falcon aerie. Readers will find this

book easy to relate to, humorous, laced with con-

servation ethics, and quick to finish.

The book is organized around Haak’s formal and
informal research on prairie falcons. It starts with

his less-structured wanderings in eastern Oregon as

an undergrad at Oregon State University. Rather

than spending the late 1960s in Viemam’s rice pad-

dies, Haak chose to further his education. He re-

lates his experiences with the high desert climate,

ghostly falcons, and open land during frequent

weekend excursions from OSU. This introduction

to the land and bird progresses into a more serious

survey of falcons mandated by the Endangered Spe-

cies Act, where Haak presents useful information on
the variety of habitats exploited for nesting by prai-

rie falcons in eastern Oregon. We next follow Haak
to the lava beds of northern California to study the

foraging habits of falcons for his master’s thesis.

Here, details on the foraging maneuvers, spacing

patterns of pairs, trapping techniques, use of falcon-

ry to supplement science, and radiotracking are pre-

sented. The reader gets an excellent feeling for the

high desert environment, which Haak accurately de-

scribes as a place where “the wind never stops blow-

ing.” Haak touches upon a variety of behavioral ob-

servations detailed in his thesis and gives some data

and insights into subadult breeding, parental be-

havior at the nest (including prey caching), and
ranging habits. The remainder of the book recounts

observations made during less-structured field pro-

jects funded by “back pocket grants.” There is a

useful comparison of prairie falcon and peregrine

falcon {Falco peregrinus) habits and interesting dis-

cussions of potentially symbiotic relationships be-

tween common ravens ( Corvus corax) and prairie fal-

cons. The book ends with a summary of prairie fal-

con population status across the region and a dis-

cussion of the positive and negative effects of

humans on this species.

Haak introduces the reader to a variety of im-

portant conservation issues in the Columbia River

basin. He suggests how overgrazing, coyote con-

trol, rangeland “improvement,” private use of

public lands, agriculture, and water diversion have

shaped the land and influenced its natural inhab-

itants. He offers strong opinions on many of these

forces that most biologists would be quick to agree

with. A few of my favorites are his description of

cheat grass (Bromus tectorum) as the “most useless

plant” to invade the area, and coyote control as

simply a “wasted effort.” The reader familiar with

this ecosystem and its abuse at the hands of hu-

mans will applaud Haak’s candor during these

wanderings. The reader that has not spent time in

the Columbia basin will finish the book with an

excellent introduction to the conflicts between hu-

man settlement and biodiversity in this harsh en-

vironment.

I found this book to be a delightful story of a

magnificent land and its changes over the past

three decades. The only frustration I had was over

the lack of scientific citations or footnotes. Many
scientific studies are referred to, but the reader has

no way of knowing which articles are being dis-

cussed. There also was little to no quantification of

Haak’s data. Such a scientific assessment of prairie

falcons was not the intent of this book, but a bit of

scholarship could have been included without de-

tracting from the book’s style. Lack of scholarship

is especially disappointing because these data are
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available only in Haak’s thesis, none of which has

been published in the general literature. In sum-

mary, this is not a technical account of prairie fal-

con behavioral ecology, but it belongs on the

shelves of raptor field biologists and should be rec-

ommended reading for young researchers intent

on exploring the mysteries of vertebrate biology.

—

John M. Marzluff, Sustainable Ecosystems Insti-

tute, 30 East Franklin Road, Suite 50, Meridian, ID

83642 U.SA.
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